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These  lesson  plans  and  student  study  guides  and 
iforkbooks  for  a  ^econdary-postseccndi  ry- level  course  in  contlnusis 
ffaotoprDaessing  arc  Dne  of  a  number  of  ailitary-deveioped  curriculum 
packages  selected  for  adaptation  to  vocation* 1  instruction  and 
curriculum  development  in  n  civilian  setting-  Purpose  stated  for  the 
Ci>urse  is  to  expose  students  to  fundjoental  concepts  of  the 
photograpbic  process,  chemistry,  optics,  exposure,  light,  and 
processing  of  color  and  black-and-white  film:  train  them  to  use 

operatibns  involved  in  photographic  processing 
and  provide  fundamental  tralninq  in  sensitometric  and 
process  control  techniques  and  photographic 
The  plan  of  instruction,  which  suggests  number  of  tiours 
devoted  to  each  course  objective,  is  based  on  the 
folloning  outline  allowing  for  six  units  of  instruction  (blocks): 
Photographic  Funda«eatals  (5  lessons*  ,  Continuous  Processing 
Fundamentals  (5  lessons).  Aerial  Film  t-rocessing  (2  lessons),  larial 
Film  Duplication  (2  lessons)  , n^Aerial  Select  Printing   (U  lessons),  and 
Continuous  color  Processino  (vVlessons).  The  lesson  plans  contain 
course  outlines,  objectives,  and  iRforoation  on  support  materials 
guidance.  Coftteats  of  the  stuily  guides  and  workbooks  include 
objectives,,  informative  material,  study  questions,  and  exercises. 
Hedia  materials  are  suggested,  but  not  provided.  (yiB) 
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Thl»  military  ttchoical  tralniiig  course  h$»  b««ti  ••l»ct«d  «nd  «d«pt«d  by 

The  Center  for  Vdcmtioiua  Sdueetioa  for  "Trlel  IiipX«MBt«tion  of  «  Model  Sytrnm 
to  Provide  Militery  Curnc«luBi  Heterlale  for  Uee  in  Vdcetidwl  end  Technical 
Educitioa,"  e  project  spflsuieired      the  Bureau  of  Occupatiooel  end  Adult  Cducetieii 
U.C.  Department  of  Health,  Education,  and  Vclfare. 


MZLmiO^  CURRICULUM  MKCEBIAI^ 

The  military-developed  curriculun  materials  in  this  onirse 
package  were  selected  by  the  National  Center  for  Research  in 
Vbcational  Educaticsi  Military  Curriculisri  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Ooordinatian  Centers  and  • 
other  instructional  mateorials  agencies.  ISie  {urpose  of 
disseminating  tliese  courses  was  to  make  curriculum  materials 
^Bvelapod  by  the  military  more  accessible  to  vocational 
educators  in  the  civilian  setting. 

•The  course  materials  were  acquired,  evaluated  by  project 
staff  and  practituxsrs  in  the  field,  and  preparia  for 
dissanination.   Materials  were  specific  to  the  lAlitary 

were  deleted,  oc^jyrigjited  materials  were  either  omitted  or  appro- 
val for  tteir  use  was  obtained.   These  course  packagi^  contain 
curriculum  resource  materials  \^ch  can  be  ade^ited  to  aipport 
vocational  instruction  and  curriculum  develc^xtient. 
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Court*  OtscTi^t^n; 

IRiis  course  Incluctess  fundamencal  eoticepes  of  Che  photographic  prmess,  chemistryy  opticSt 
c^xposiaet  ll1ght»  and  processing  of  color  and  black«and«^hite  film;  e<|i^p{&ent  and  dpera- 
tions  lnvo)ved  in  photographic  processing  laboratories;  fundamental  training  in  sensito* 
metric  and  densitometric  process  control  techniques;  and  photographic  reproduction. 

The,  ihstructional  design  for  this  course  is  Gro^/Lock  Step.    The  course  is  based  on  the 
following  units  of  Instruction: 

Block  I    Photographic  Fundan^ntals 

Basic  Theory  of  Light  and  Optics  (3  hours) 

Exposure  Theory  and  Film  Characteristics  (14  hours) 

The  Developmental  Process  (12  hours) 

The  Printing  Process  (10  hours) 
Block  II    Continuous  Photoprocessing  Fundamentals^ 

Introduction  to  Aerial  Photography  (2  hours) 

Continuous  Photoprocessing  Fundan^ntals  (6  hours) 

Mathenatics  Used  in.  Photography  (14  hours) 

Chemical  Mixing  and  Certification  (14  hourB) 

Sensitometry  and^Densitometry  (18  hours) 
Block  III    Aerial  Film  Processing 

Continuous  Processor  Operation  (48  hours)  ^ 

Titling  and  Cleaning  Aerial  Film  (20  hours) 
Block  IV    Aerial  Film  Duplication 

Nondodging  Continuous  Printing  (32  hours) 

Autonatic  Dodging  Continuous  Printing  (20  hours) 
Block  V    Aerial  Select  Printing 

Manual  Contact  Printing  (16  hours) 

Copying  Techniques  (16  hours) 

Projection  Printing  (16  hours)  .  ^ 

Step-Mode  Printing  (30  hours) 
Block  VI    Continuous  Color  Processing 
Color  Theory  (16  hours) 
Color  Chemistry  (8  hoi:iR) 

Processor  OperitlCk.  (4  3  hours)  '     €v  ^ 

This  course  contaliis  jiatt^rials  for  both  student  and  teacher  use.     Instructor  materials 
include  a    Ian  of  instruction  for  each  block  and  lesson  plans  for  each  lesson.  Strudent 
materials  consist  of  study  guides  and  workbooks.     Media  materials  are  suggested  but  not 
provided. 
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1.  rotPOSS*.    IhU  publicatioB  U  Civ  pin  of  toatroctlon  (101)  i*M.tlM 
p«Se«  shown  on  pago  A  arc  bound  Into  •  oloslo  docimt.    11»  ffOI  pffn- 

.io.rtliuj  the  qualllatlvc  cvqiiir«oi«<>il »  ftJf  CowTMe  i|iai«'r  iIIAWZnW   "fll . 
Cooclnuous  PhacoprocvHc»iiiK  upccialiut.  ta  Cvcii^      •-rliti-:i«i  «•{•!«.  iiv 
and  te«chii«  otopo  prcooatud  by  unlia  uf  inHtrucilon  ami  i*ltOiA.  ti<  < 
correlation  with  tho  training  h laniard,  and  support  ■atcrlali*  .mn  ..>. 
ance.    Wien  neparatcd  Into  unito  of  InmriactioB,  JlC  boco«o>  Part  I  of 
Che  leasoo  plan.    Tbia  101  vart  dmlopcd  undlor  Cba  pcovialMS  of  MSM 
50-5.  Instructional  Syatvi  DcvalopMsnt,  and  km  32-7,  Flaal  of 
Btcvccion  and  Losaon  nana. 

2.  CODRSB  DBSICN/DESCaiXFTIOII.    The  insCrucC tonal  doal|pi  for  Cbia 
courae  Is  Croup/Lock  Scap.    Tbe  course  trains  airoan  Co  porforw 
duCies  presoribed  in  AFR  39-1  tor  Cont4ouooa  Riotoprecsaaiflg  Special- 
iat,  AF%  23330.    Training  includes  fundoMnCsl  coocs^s  of  Cba  pboco- 
graphic  process,  chenlstry,  optics,  axpoaura,  light,  md  procasaiag  of 
color  and  black- sod -white  fllo;  equipMot  and  oparatioos  IwroWod  in 
phocographic  process Ing  laborscorias;  fuodSMaCsl  crainiqg  la  seasico- 
■acric  and  densiCo«ecric  procoa  coacrol  csdiniqocs;  snd  pbaWjrapbic 
leptodoccioo;  and  operator  knowledges  asaociaced  witii  plwtegraphic 
Uboratorlea.    In  sddicioii,  csloccd  training  is  provided  oadriver 
edticatim,  alsaioo  applicacion  saaioar,  troop  inforascira  pregra, 
coaaander'a  calls/brief  tega,  eCc. 

3.  .  nuINIHC  EqUIFHEMT.    The  nuaber  shovn  In  paronchesea  after  equip-- 
amt  listed  as  Training  Equlpaent' under  SUPFORT  HATnXALS  AN)  GUII^ 
ANCE  is  the  planned  nueber  of  stitdents  assigned  to  each  equipaant  unit. 

4.  REFERENCES.    This  plan  of  itisiruci  Ifui  Is  baaed  on  SpsNiialty  Training 
Standard  233X0.  July  1977  and  Course  Chart  G3AB123330  OOJ,  3  A^ust  1977. 


FOR  THE  COMfAMDER 


BJVXN  D.  BOOGIE,  Colonel,  USA^ 
Covaander.  34Wth  Tech  Tng  Gp 


Supersedes  Plan  of  Instruction  G3AIR23330    0O0/G3AZR23350  000, 

I  Noveaber  1976 

OPR:     3430  TCHTK 

DISTRIBUTION:    Listed  on  Page  A. 
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MODIFICATIONS 

J^lock,  Z   JsJ^^^on  1  gf  this  publication  has  (have)  been  deleted  In 

adapting  this  material  for  use  I9  Voca^tional  and  Technical  Education.  Deleted 
materia]  Involves  extensive  use  of  military  forms,  procedures*  systems,  etc. 
and  was  not  considered  appropriate  for  use  In  vocational  and  technical  educa- 
tion* 


ERIC 


2.    C«revr  PTdgreMion,  Security*  and  Sufnty 

n.  ^.^iat  tht>  five  prinary  duLlca  of  d  continuous  pbotoproceasliig 

niMv  Ih^I  iNt  and  definv  i-arcer  laUdur  progresciioQ  procedures.    STS:  <  lat, 

(1)  Air  ForiU  clauaif Icdtion  syatea 

(2)  SfHicialty  dftsacrlptlon 

())  S|i<vlalty  Training  Standard  (STS) 

(4)  upgrade  training 

(5)  Oii-Lhi»-Jub  training 

(6)  Larvisr  ftevelo}menr  c*nursi? 

(7)  Skill  level  progrefiftiOQ 

b.    Given  inforaacion  pertaining  to  atcurity  .claaaification  and 
eMMfntial  eXeapnto  of  fiiiendly  inidfftKioa,  identify  tama,.  daf  initiona 
or  claaaiUcationa  aa  they  relate  to  CGHSK.    STS:    2«(l).  2a(2), 
Ne<i«:  U 

(1)  lUrve  iyin*a  oi  inforaatioii:    claaaifled,  uncltfaaified  and 

uiii  l««tt8l£ l^ii  but  uf  potislhli*  intelligence  valua. 

(2)  Si.-«. ur try  i.  lasslfication  guide. 

( {)    {'ruper  una  oi  MAJCOH/SQA  eaacntiai  el«atcnca  uf  fricmlly 

intomarlou  (l^M'Iii). 

i  .    (Jivcn  intomation  n-lating  to  coaKunication  vio0m,  at^urity 
tittkH  «nd  nonrci  hnlcNl  proc»dureH  dealgnad  to  prevent  security  viola- 
ii<m«,  Identify  rema,  definitione,  rialui  and  corrective  aeclooa  a«  they 
ruUic  CO  COKSt»U.    STS:    2a  (3;.  Heaas    U  t 

(I)    CMnunicAtion  nodea  which  Mi  jjkrovlda  the  aecurity,  re*- 
iiabliity  and  Mpeed  required. 
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(2)    Security  ricks  elHt  exist  nbco  using  unB«<:iir«d  ci— iiiUsllwa 


(3)  Security  risks  tbst  ctist  In  sctmt^tlng  i.o  dlsgulss  elssslflsd 
or  uQcissslflsd  lafonuitlfln  of  Intslllfsnce  value. 

(4)  Procedures  design^  to  prevent  ti*ir-«t  %  j  vli^Iailouti  snJ 
prsctlcss  dsagerous  to  security. 

d.  Given  an  CKMple  of  tt  oi^atlonal  security  vluiution  in  .yoitr  careur 
field.  Identify  the  cause  of  the  vloli  .Ion.    STS:    2b ^2^.  2b ^3),  2bC^). 
2b£5),  2y6)    Mess:  U 

(1)  Purposes  sad  objectives  of  OPSBC. 

(2)  Relatlrashlp  to  other  security  programs. 

(3)  OPSBC  vulnersbllltlss  of  this  specialty. 

e.  List  two  safety  precautions  you  should  obBi^rvi:  for  each  of  the 
following  potential  hassrds:    electrical,  nechsnlcol,  chcelcal,  and  o 
pressed  gsses.    ST8:    3sp  3b,  3c(l),  3c(2),  3d   Ne^vu    V,  PC 

(1)  Warning  signs 

(2)  Illualnstlon 

(3)  Chenical  hasards 

(4)  Compressied  gases 
(3)  Electrical  hazards 
(6)  Mechanical  hazards 
(?)  Fire  prevention 
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Sttttient  tnatruc  t  lonal  Materiali 

SW  G3ABIt23330   001-1-2.  Career  Progretslmi.  Security,  and  Safety 
ATC  SO  E3An/OBR00001 ,  CoBBunlcatioiui  Security 

Am.  to  Visual  Aid  a 

Film  W  6650.  COMSBC  and  You 

Vllsa  SVi'  IB72.  AIunc»  Unaracd,  aiid  Unafraid 

Training  Methodt* 

Diacuaalon  and  Demonstration  (3  hrs)  ' 
Perfonaarca  (i  hr)  ^ 
err  Aaalgnaent  (2  hrs) 

Inatructional  Guidance 

Relate  continuous  phocoprocesslng  to  the  Photogr^hlc  Career  Field  and 
aerial  reconnaissance.    Stress  the  iaportance  of  Safety  and  Security. 
Cive  CTT  aaalgnment. 
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Photographic  Fundaaen tals 


3.  Publlcationa 

a.    Usln8  approprlat**  technical  order  c'lles,  publlcationa,  and  a 

rustiarch  exerclauj,  U^^m  required  technical  order  Infonoacion. 

STS;    fh«.  4b,  Acr  M^as:  W,  PC  . 

(l^  Technical  nanuala 

(2)  PrelUlnary  technical  ordera 

(3)  Automatic  technical  ordars 

(4)  Tiae  compliance  technical  orders 

(5)  Hethods  and  procedures  technical  orders 

(6)  Abbreviated  technical  orders 

(7)  Index  typa  technical  orders 

(8)  Technical  order  nuabaring  systaa 

(9)  Air  Foi^ce  "regulations 

(10)  Air  Force  «anuala 

(11)  Paaphlets 

(12)  Publications  ausboring  syrtem 
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Student  iMtrufttigfl  ltot«rial« 
SI  G3Aai23330  OOI-X-3.  fublieatlms 
XSCJG  52-^,  Air  Force  Tecbnical  Order  Syscea 
AtCFT  52-4  •  Air  Force  Teebpieal  Order  Systea 

And  to  Vieu*!  Aids 

Fila  TF  1-5105.  The  Air  Force  Ttchnlcel  Order  Syscoi 
TreinlnK  Method* 

Diecoesloii  and  Dcaonetration  (2  hre) 
Ferforaence  (1  hr) 

Instructional  Guldwice 

Itehnlcal  publlcaticoa  wUl  be  llaited  to  10s  and  will  be  covered  by 
diacuaaion  and  deaonatration.    Check  CTT  eaai^ant. 


PLAM  OP  iNSTiUCTtflM/LlliON  l»LAN  PAiT  t 

\  Continuous  Phot op roc ss slag  Spaciallat 

I        Photographic  FundaacnCAltt 

4.    Basic  Theory  of  Light  and  Optica 

a.    Identify  the  five  characteristics  of  light  and  their  relatloa- 
ahip  with  optics.    STS:    13c,  17b,  17c    Heas:    V,  PC 

(1)  Churat.  icri;iLUu  ul  light 

(2)  Behavior  ot  light  I 

(3)  Design  of  a  lens 

(4)  Lens  characteristics 

(5)  Lens  types 

(6)  Lens  aberrations  | 

* 
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PLAN  OP  IMTCUCflON 

^8H9N  PLAN  PJMRT  1  (Cpnitai^Mtaii  SbMi^ 

CPMim  CPNTINT 

sifprai 

'  MkinXALS  AN)  COIDAIICf 

Student  iBstnietlofMl  Material* 
SH  G3AB&23330    001-1-4.  Basic  Tt 

leory  of  Li^ht  and  (H>tlcM 

Audio  Vlaual  Alda 

Film  MM  2449^  IiitrodiictloQ  to  (^tics 

Flla  TVL  23-3,  FuodaMatala  of  Optica  aad  Fbotogtephy 


Training  Methoda 

Ciacuaaion  and  DcBflnacratloii  (2  hra) 
^rfonanoe  (1  hr) 

Instructional  Guidance 

Apply  optical  principlea  to  ptotogtaphic  uae.  Explain  the  rolatlottshtp 
betveea  eaulaion  aanaitivity  and  various  typea  of  light. 
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// 


ERIC 


Pho 


CAUMI  TltLi  

Contlnuoua  Photoproccsttlnft  Special 


I^xposure  Theory  und  l-'lin  Character  laden 

a.    Nabc  th«:  five  principal  parts  of  a  c^era  and  deflna  the 
tuHLtlon  of  each  part.    STS:    13b   Hsaa:  W 

(1)  body 

(Z)     i.i  ni. 

(i)    Viewing  Hyalem 
(A)     FucusinK  mystuffi 
(•>)  Sliuttfi 

li.  Utri  lnt'  the  major  charac  u  r4.atlt  M  of  phoic^iaphlc  flln.  STS: 
/lid),  Ik,  nr.  l-Jg    Meas:  (W) 

(1)  Film  ht  rue  lure 

(2)  Hlack-.ind-^hlce  emulsion  characteristics 

(3)  Specialized  eoulslxni* 

(4)  Aerial  fllre  c lassi i  Icationa 

(5)  Storagi>  and  handling  of  senaitlsed  auitcirials 

»  .     I'rovlUtU  a  3Siwn  camera  and  film,  photograph  several  itcenes 
HH  dirfcted  by  your  instructor.    STS:    1%,  13c     Meaa:    W,  PC 

(1)  KxpoHure  theory 

(2)  kxpoHuru  and  film 

(3)  Canera  operation 


SICMATUII  i»Wp  P*T| 


SUP EK VI SOB  APPHOVaL  Of  LESWN  PLAN  (PART  H) 


iicnaTuag  *mo  pate 
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PAGE  no. 
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ATC  133 


41  u  MI7^**>n-«v86^42 


IS 


COUM  OONTCMT 


SOPfORT  KATOLIALN  AW  CUIDANCB 


SIIGaAn23330    001-I-S.  fttposure 


and  FllB  Character istlc* 


Audio  Visual  Aids 

Pila  MH  5383,  fUndoMatala  of  Photography-I^si*  o  r* 
ICtainer,  Irla  DiapbragM 

Tralnloa  Bguiwient 
3SMi  Caaara  (1) 

Training  Methoda 

Discuaaion  and  Deanoacratlon  (6  hra) 
^r£onaaiKie  (6  hra) 
CTT  Aaaignawnt  (2  hra) 

Provide  a  baalc  introduction  to  the  functloiw  of  the  co«:ra  and  .  . 

iShltuSenJ  ^.e  ona  roll  of  20  «po«.re  f  11-  during  ad  on  haae  photograph!*: 
■iaalon.    Give  CTT  aaaigmaent. 


ERIC 
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(17  ft 


Hhotogr«phi<'  FuiKlttWentalB 


RSt  OONTCNf 


f).    Thtf  Development  Process 

,.     idintltv  iN*  .  Iu-ml»al  pru|H!rti t?3  of  black-and-white  processing 

..o.uilu..^.  H..  Ju(^u),  l'>..(^).   iScU),  Ai4:(2)    Mvuii:     W.  ?C 

(1)  lVv(iio|icr 

(2)  Stop  bach 
(i)    Flxiiiti  hatha 
(4)  W<iHh 

b.    ProcfHM  prt*vl*iu»ly  expoMed  film  using  laanual  procesaing 
tttiUlticH.    Pi.utNNod  negdclvet*  must  be  free  of  phyaical  defects  and 
littvi'  act  epcabU'  denHlry  and  rontraat.     STS:     ia,  3b,  Sa(21)(a), 
Sa(21)(b).  9a.  9b.  9c,  W.  9f.  9g.  9h.  91,  9ja).  9J(2).  9J(3)  Meas: 
W,  PC 

(1)  Preparing  for  procussing 

(2)  ProcesBing  35auB  fUn 

(3)  Time-tenperature  processing 
(A)    ArchlvfiJ  quality 
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DATE  pACe  KO. 

i  October  1977  I  . 


PLANOr  MBTWCTION/LfMN  PiM  PART  I  ^tmimmm  %$m$) 


€OU»M  CMrriirr 


SUPPORT  NATOIZAL8  AMD  CUDAMCE 


Student  Ins  true  tloml  lUterltli 

SW  G1ABR23330   001-1-6,  BasIc  Photo  Ctioalatry 

Audio  Visual  Aids 

Film  MN  6673,  Vihat  Happens  During  Processing 

Training  Equlpaent 
Timer,  Continuous  (1) 
Theraoneter  (Z) 
Laboratory  Facilities  (8) 
FUn  Dryer  (8) 

Processidll  Tank  and  reels  (1) 
Training  Methods 

Discussion  and  Deaonstratlon  (6) 
PerformiKe  (6) 

Instructional  Guidance 

Provide  a  basic  introduction  to  photographic  processing  principles  and  strpsa 
chenlcal  safery.    Check  CTT  asslgosMnt . 
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ERIC 


PUAW  OF  IHSTiMCTiOH/LgtKIW  PLM  fAKT  t 

 " — - — -  tpHn  vint 


Hk> toRraph ti*  Fund iUiviiU  1  h 


UKie  CONTIT'T 


/.    The  Frinting  PrixH'HB 

a.     Identity  rtit*  major  i-harHi' ccrlstlcs  of  photc^rophlc  paper.  STS: 

(  i  )        i'.>|H  I      .•  L  1  ill  li.l  I 

(2)     t-JaulHiiiii  L-tvirarCft  t:«Licti 

(  i)     hiuriiKt'  and  Iiant111ii>; 

li.    iisiiiK,  i»i  iviiMiN  ly  ifxpotttii  negatives  and  a  projection  printer, 
fX|i.<:.i>  aiul  pi <-Mr4  iMojLVtion  prints.    Prints  must  be  free  of  exposure 
.iiul  |>r>H  iHuln^.  ilt  iiM  t  H.     STS:     iu,  lb,  Sa(21)(a),  5s(21)(b),  8a(2),  8c, 
MU.  He,  Hf.  Hk.  hi,,         9b.  9c,  9.1,  9f,  9g,  9h,  91.  93(1).  9j(2).  9j(3). 

Mcur.:     W,  rc 

(1)  i'l  M  )i  (.  I  ion  printing  principles 

(2)  Typus  ot  pri liter ti 

(3)  The  eN-52B  protection  printer 

(4)  KN-52B  iipernting  procedures 

(5)  Ncgatlvf  pvnlu.it  Inn 

(h)     I'rti )fi  t  li>n  printing  titeps 
(  /)     I'rlnt   |iroi:t*ciM  ing 
(H)     I'rlnt  I  InlBhiaK 
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SUrraiT  WkTOIlALS  Aft)  GOIDANCB 

Student  iMtructlonal  Itof  rial! 

SH  G3Aai23330   001-1-7,  The  Prlatlat  Proc««» 

Audio  Vlaual  Aids 

Slide  TiBpe.*  EM-S2A  Projectioa  Prlntiog 

TralnloR  EfiulWMPit 
Projection  Printer  (1) 
Tiaer ,  Interval  (1 ) 
Tiaer,  Continuous  (1) 
thenMBcter  (2) 
Uboretory  Fecilitlea  (8) 
Print  Washer  (8) 
Print  Dryer  (8) 

Traloinit  Methods 

Dlscussioo  and  Demonstration  (4  hrs) 
Perforsancc  (6  hrs) 

liBStructional  Cuidaoce 

Disease  and  dewjostrate  proper  projectioa  prinClns  techniques, 
chemical  and  electrical  safety. 

8.  Related  Itaining  (Identified  in  course  chart) 

9.  Measureaent  and  Critique 

a.  Neaaureeent  Test 

b.  Test  Critique 
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[   Contiiiuoy  Wiotoyroc4fe<alna  Special int 


 miirmmr^^  


I*     intf  %idui  t  liia  to  Arrial  Pliutography 

ii.  hlsii  aiHl  explfiLn  I  lie  fuui  phittu^i  Qt  the  li«tellJLgenc€  cycle^ 
ST:i:     JAo    Mean;  W 

( 1)  RcquLreaencii 

(  I)     i't  aduc  Liaii 

Ulsstimi  nation 

b.    Uut  tm;  tiindiimuntal  techniques  and  teroi&i  ut«d  in  optical 
tvi  oiinal sHatwc.     STS:     lb,  1 4ia    Mea«:  W 

(1)  Clariograiihl<'  photography 

(  2 )  Kivonn  a  i  a    iv  e  pho i  ograp hy 

(3)  Rei  onn.i  isiNHfii  1'  laibdlona 

(4)  Ai-rial  L'oiftrraN 
CS)  Caflttsra  puaitiona 

i  .    Liat  the  capabllit U*a  atid  iiaicationa  of  nonoptical  Inagery 

uyHtemH.     STS:     lb«   Ua     Meaa:  W 

(1)  Side  looking  airborne  radar  (SLAR) 

(2)  Infrared  (IR) 

(i)  Ui?*er 


_    uiff j^soa  4FPioyAt  OF  L  tsiOii  FLAW  iP^at  m 
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SH  C3ABU3330  001*XZ-1.  lacredueelon  to  A«rUl  ftwtfifrcplif 
Audio  Visual  Alda 

Film  SFF  1327,  Tactical  Air  RaconiuiUfiance 
3Sm  Slides  and  Script,  Hie  Intel li^tnce  Cyclu 

Training  Methods 

DlscuMdon  and  DcMnstrstion  (2  hrs) 


Instructioasl  Culdsnce 

Motivate  students  and  establish  the  place  of  the  23330  in  AerUl  Fboto 
Reconnalesance. 


G3Aail23330  001 
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e*Tt 
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Cum 


2.    CantlnuoiiN  rhuruiucn ettulntt  racllittttk 

.1.    Deacrlbi'  the  operating  prIaclpUa  of  a  precision  processing 
laboratory.    STS:  5a(21)(a),  Sa(21)(b)    Me«s:  W 

(1)  l.uvlrtJiuiii'ntal  'li't. t^.u 

(J)  M,ii  hinci  y 

(1)  IVraun.il  hygiene 

(4)  l-iiiployt-i*  dltK- ipllnt.' 

(*>)  ViMliurs 

(6)  >ii-iurlty 

(/)  M.I till t-iKiiii'i'  and  tntipuctlon 

(8)  J-dlety 

(9)  Adjatent  Mreati 

b.    Uearrlbt'  the  mtstflun  and  organization  of  the  Fhotogrkphlc 
froi  easing  and  liucrpretat  luo  Facility  (PPIP).  WS>4aOB.    STS:  Ua 
Meas:  W 

(1)  MUhIuii 

(2)  Oi^anlie.iilun 

V  .    List  Um   ba«l.   rebponsibiUtleN  of  tht?  Prtxiuctlon  Ctmtrol  unit, 
ih.'  ImaKcry  IiUfrpivi.it  ion  unit  (II),  and  t»*;  loagery  Processing  unit 
(IT)  within  i\u   WI»-/«  Uitt  lompitix.     STS:     14.»    hcau:  W 

(1)  i'j^jJu*.  I  lun  I  Kutri»l 

(2)  liu.i>;et  v  prvn  i  isilng 

(  t)     hnatsery  inturiiretut  ion 


  luPC«viio«  appmvaL  or  l csiom  Ptaw  ifkui  m 
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d.    List  the  functloos  of  the  indlvldtuil  shelters  contaimd  in 

the  WS-430B.    SIS:    14«   Neas:  W 


ES*61B. 


(1)  l^p«nd«ble  Fiiuil  Edit  «nd  laspiMtton  L^m,  BS-60B  «ad 

(2)  Continuoui  ProceMiag  L«bt  IS-$9A 

(3)  Expandable  Flla  Titling  and  CleanioB  Lab,  ES-63A 

(4)  Expaodablu  Interpretation  Lab,  ESHiAA 

(5)  Series  I  Printing  Ub,  E$-S7B 

(6)  Series  II  Printing  Lab,  BS-S8B 

(7)  Series  III  Printing  Lab,  ES-73A 

(8)  ChaKUal  Mlxli«  and  Distribution  Ub,  BS-65A 

(9)  Sensitized  Materlala  Storage  Shelter,  PS-6A 
(10)  Expandable  Maintenance  Shelter ,  FS->7A 

e.  Explain  the  steps  necsMsry  for  aalntalning  a  nobility  ca^blllty. 

STS:    14a,  14b,  14c,  1^  14e   Ncaa:  W 

(1)  Deployment  preplanning 

(2)  Mobility  reaponslbUitles 

(3)  Facility  preparation  and  setup 

(4)  Mobility  exercises 

f.  State  the  purpose  or  the  Dual  Basing  Progran.     STS:     I4a    Mess:  W 

(1)  Mission  rpquireaents 

(2)  Operational  flexibility 

(3)  Training 

g.  Explain  the  mjor  causes  of  corrosion  vlthln  the  WS^30B  cospXax. 
STS:     14a    Meas:  W 

(1)  Clinatic  conUltlons 

(2)  Corrosive  chealcals 


^LAN  or  INtTRUCTiON  MO. 
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h.  t.lat  tlu-  general  rudponaXbiJUt  les  of  all  jpttraotK^l  Msignad  to  •  rs^/ 
WS-^30h  coApIux  in  Hupportlng  an  «*lffectlve  corroition  control  progrca. 

(1)  rdentification 

(2)  Correction 
f  O)  Prevention 

I.    Ut'MiT  Uit-  Lhi-  fui*pwi->;abi  Utitti  i»i  the  OIC  anu  the  Logi;.ii.c-.  ^.cr^ 
In  u  WS-A30K  facility.     STS:     U.i    Haua:  W 

(1)  OfC  ri  spi)nt«lbllltlea 

(2)  Logistic  officer  reiiponfiibilities 


SUPPORT  MATtSIALS  AND  GUIDANCE 

Stuiitut  itiBtrui- rionti  1  Mater  ialw 

SW  GlAilR23330    OOl^II-Y.  Continuous  Photoprocesslng  Facilities 

Audio  Visual  Aid  a 
3SaH  Slides,  WS-<i30B  Ur.U'utatloii 
3SaB  Slides,  Mobilizing  the  VS-<iiOB 
3SaB  Slides,  WS-430B  Corrosion  Controi 

Training  Method  a 

Ulsrussion  and  DeaDnstratitiii  hrs) 
CTi  Assltjnaitjnt   (2  Iuth) 

ill  itruLt  tiiml  Ciuidaiu  »■ 

lii  .uif  i\ut  studi-ntfj  fwivf  .1  h.iHi.    uiidi-rtitandin);  of  the  procest^ing  facilities 
ih.il   ihfV  vrt  1 1  probably  enk-ountt-r  in  tliis  carec#  field,     tephasis  should  be 
pi.i.  ed  un  titrait-'glc  and  tactical  processing  functions.    Give  CTT  asslgraaent. 
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3.    Haehaaneics  Uiied  In  Photography 

a»  Given  ptiotugraphlc  related  mach  problt^os  aiid  tables, 
aolve  BOX  of  the  probleaa  correctly*  STSs  16a,  16b,  16c  Meaa: 
W,  PC  - 

(1)  BasU  arithnuiit' 

iJ.)  hi^4icU  luiinbu  r:> 

(i)  Lugarltlros 

(4)  Metric  system 

(^}  Temperature  ciiuverBluns 
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FLAM  OP  Mimic  MIA.MON  ULAN  PART  I  ^MN 


OMIISa  COMTiNT 


SmOKT  HATdlXA!^  AID  GUIDANCE 


Studeat  InstmctigMil  Itotcrial* 

^  G3ABB23330  ^  001-II-3,  MaChcHitlcs  0«ed  In  Photography 
Ttalntng  tfedioJa 

Discussion  and  Da»n8tratlon  (6  hrs) 
Pterfonunce  (6  hrs) 
CTT  A8sl|s«nt  (2  hrs) 

Instructional  Guidance  »«-„i^-  mt 

D^te'nilne  In-depth  subject  .atter  covcrase  by  anslyalng  results  on 
Mtheantlcal  problois.    Glire  CTT  asslgtment. 


TO 


iTli  Nil 


ii¥ir 


IIBTV  TiTlC  ~~ 


,  i'V 


4.    Chemical  Mixing  and  Certiflcacion 

a.    Given  the  necessary  bulk  che»icali».  selectuU  HomuUs, 
chenical  nU  faclllcles,  measuring  and  mixing  e^lpMOt.  prapare  black- 
and-^lte  proceaaing  solutiona.    Soluttona  auac  mmmt  locally  preicrib«d 
ataodarda  of  quality.    STS:    3b,  5«(21)(a),  5a(2l)<b),  15b(2).  15b(3), 

I5b(5),  15e    Meaa:    W,  PC 

(1)  Chemlcai  graUuu 

(2)  Mixing  chemicala 

(3)  Safety  In  mixing 
^           (4)  Storage 

(5)  CUasware  (typea) 

(6)  ClfanloK  glasswart' 

(7)  (ilaMHWiin*  tneasureniiJnts 

(8)  Bean  balanceB 

b.    Given  pH  meter,  hydrometer  act,  and  p)u}t(^raptllc  aolutlona, 
determine  the  pH  and  apecific  gravity  of  the  photographic  •olutiona. 
Students  value  for  pH  must  be  within  ±  0.10  and  apeclflc  gravity  value 
oust' be  within  ±0.013  of  t»ie  class  standard.    STS:    6b(2)Cb),  ISc(l). 
L5c(2)    Heaa:    W,  FC 
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(I) 

Purpose  of  specific  gravity 

analysis 

(2) 

Uae  of  the  hydrometer 

Ci) 

Temperature  compensation^ 

(4) 

Reading  the  h^rooeter 

(5) 

Purpose  of  pH  measurement 

(6) 

fc;i«c  trades 

iifiWATIIill  AliP  PATf 
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PtAN  OP  MmueiMMOloii 


rUMPAi?  I 
CQUMCOMTtNt 


(7)  Buffm 

(8)  Operation  of  pH  wtora 

(9)  pH  tinMii  Mwnr  pncaBtiona 


SDFRAT  tumva.fi  Mm  GQUMUIPB 
Student  Instmctlonal  WattnrlalB 

Sw"G3aS23330   001-11^,  Chemical  Mixing  and  Certification 
Aidio  Viaual  kidm 

SUdo  Ikpe,  lUxlas  Fbotosraphlc  Solntlono 
Slide  Ikpc,  pH  Motor 

TiroininR  Eouipaont 

Clmacol  Loborotory  Focilitioo  (8) 

Assorted  Uboratory  Glssmaro  (8) 

Itipio  BesM  Bslaoce  (Scales)  (2)  9 
pH  Motor  (2) 
Hjrdrcaieter  (2)  « 
TbarBOBOtor  (2) 

Ttainina  Methods 

Discussion  and  DoBonstratlon  (6  hrs) 
PerCorasoee  (6  hrs) 

CTT  Assigmnt  (2  hrs)  ' 

Instructional  Guidance 

Students  are  introduced  to  ch«ical  laboratory  app«rab»s  sod  procodures. 

Stress  cheaical  safety  throughout  the  lesson.    Give  CTT  assigansot. 
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msmE  or  miTiiacTOfi 


Scnalcoaetry  and  Uvnaitowcry 

,.  UBlng  unexpostJ  original  flip,  aanaltoaater.  prevlMialy  lUxad 
proceaalng  aolutlona.  and  manual  prOq«ali»g  «f  ^l^J^J!'  ™  v. 

process  ainsito-atrlr  -trips.    PrpcsaSI  ""^S* 
of  acceptable  density  and  be  free  of  ch«slcal  and  physical  defecta. 

bTS:     lU,  lie,  17.-,   liil    ^l«-as:    W,  PC 

(1)  bcnHltomt'try 

(2)  Clatialf  U ation  of  ssaialtometera 

(3)  l.lnhi  aourcea 

(4)  fcApoHure  nodulators 

O)  Kodak  Mcidc\  101  aensltometer 

(6)  B'-  &  C  Mark  VI  ^ensltaaeter 

(7)  Senaitosmn r li-  processing  msthodti 

(8)  Safety  precautions 

b.    Ualng  a  denaltaaeLer  and  previously  processsd  asnaltometrlc 
jitrlpa.  measure  and  record  each  denalty  step  to  within  t  0.02  of  the 
actual  density.    STS:     lib    Mass:    W.  PC 

(1)  TransslsBlon.  opacity  and  denalty 

(2)  Densllonetry 

(i)  Ciassif  icati.»n  of  deniiitMietera 

(4)  Coomon  densUomettTs 

(5)  Operatitig  procedures 


OCT  Ti 


(6) 


(6) 
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COUlif  CONTfNT 


c.    UMlng  UensittMietrU-  r«iAatn(ii  fron  a  pivvliiuBJly  procMved  •tacitowitrii: 
•trlpi  ploc  a  aenslcoMtric  curve  trnt  d«termino  giMM.    C«mm  iMttt      gcn»-  (4) 
putod  to  within     0.10  of  the  claas  standord.      STS:    lid   Neaat    W.  FC 


Student  Inatructionil  ttetertali 

SW  G3ABR23330    001-::i-5,  SenaltoMCtry  and  Dcnsltoartry 

Training  Equtpaeiat 
Senaitoaeter  (2) 
Denaltoaeter  (2) 

Manual  Procesalng  Facllitlea  (8) 
Neutral  Denalty  Filters  (8) 
Graphing  laplesaits  (8) 

Ttaining  Method  a 

Diacuaaion  and  Dewmatration  (6  hra) 
Perfmnnce  (10  hra) 
CTt^Aaaigmient  (2  hra) 

loatruc tional  Guidance 

Biphaaize  intensity  scale  aenaitoMters.  safety  and  cleanllaeaa.    Cowr  CheN 
densitoneter  as  a  basic  tool  of  senaitoaetry.    Sireaa  a|.l  five  parta  of  the 
curve  and  how  each  can  be  uaed  to  control  the  proceaa.    Check  CTT  aaaiSBMnt. 

6.  Related  Training    (identified  in  course  chart)  8 

7.  Meamireaesit  and  Critique  2 


(1)    Parta  of  a  characterlatic  curve 


(2)    Plotting  the  curve 


(3)    Dctemlnlng  p^aoBaa 


SUPPORT  MATERIALS  AND  GUIDANCE 


Mcasurenent  Test 


b.    Test  Critique 
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Contlimou't  Ph»tnj>rocctt?itim  Speclflllat 


•i.ac 


•^..aiiWTr  r  ffrflw^.m 


1.    ContinuouH  ProccNHoi  Oivratlon 

a.  Identify  the  bailc  operating  principle!  of  coDtiauoua  pro- 
cvaaotB.    STS:    5a(20),  6a.  6b,  6c,  6d,  6e,  6f   Neaa:  V 

(1)  Film  4lrlvt«s  at»d  ir.iiiapori.  nystcns 

(2)  Mtu: hint.- thread Irtg  :.ytitt5tit. 

(1)  Ufvelopiivt  and  fixing  ayHlestu 

(4)  Rijcl rcul.it Ion  ayat^.<a8 

(5)  Sque€>gii!eH 

(6)  Drying  Hystt^a 

(7)  Safety 

(8)  Sliver-rocovt'ry  raethodt 

(9)  Sllvt*r-r«covtiry  equipaeni 
(10)  FuUron 

ill)  H.T.A.  ^CH 

(12)  Kktar.hroflK  RT  Processor  Model  1811 

b.  Lientify  rtnd  lot  aie  tlw  major  coaponenta,  ayacens,  and  controls 
uf  A  V»ir»ttB»at  UC-MW  Pruifaaor.  •  SIS:     3«,  3b,  3d,  6a(l)  (a),'  6a(l)(b), 
oadXO.  6a(l)(d),  6a(l)(e),  6a(l)(f),  6«(3),  6a(5).  6a(6),  6a (9) 
Maaa:     W,  PC 

(1)  General  deac-rlptlon 

(2)  Scandant  «!qulpisent 

(3)  Viessnry  and  optional  equipoent 
(it)  (iperuting  prinrlph'tt 

(5)  Kuncclimai  deacriptlun 

(6)  Uper.tllng  controla 


(3) 
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c.  Provided  a  VersMiat  proceairn-,  Mtup  anl  •yste«»  cle«  eh«  <*> 
ecsflor  while  obscnring  «U  imfcty  prvcaucifms.    STS;    3«,  3b,  3d,  S«(2I)(«), 
6d(2),  6f<l),  6f  (2),  6r(3>(b)    Mcnis    W,  P<: 

(1)  Initial  setup 

(2)  Systesi  cleaning 

d.  Using  specified  packaged  chemlcnls.  «lx  and  certify  the  chmical 

aoiutions.    Mixed  solutions  aust  rac"  t''*"'  certification  standards.  JTS: 
3ft.  3b.  6a(2).  i5a(2).  15(b)(1).  15n(.>.  .t:>b(/i).  libO^,  ikiX^l*  1^<^^ 
Meas:    W.  PC 

(1)  Nising  cheiistry 

(2)  Certifying  cheaUtry 

(3)  Filling  processor  tanks 

e.  Using  a  VerssMt  processor  snJ  operating  checklists,  startup  and 
shutdown  processor  UW  the  chocUists.    STS;    3a,  3b,  3d,  5s(21)(a), 
5a(21)(b).  6a(l)(a),  6a(l)(b).  6a(l)(r).  ftaUXjl),  6a(l)(«),  *^1)<«>'  '■<3>* 
6a(5).  6a(6).  6a(9).  6d(2).  6f(l).  6f(2),  6f(3)(b)    Meas:    W,  PC 

(1)  Preoperational  check 

(2)  Daily  startup 

(3)  Daily  shutdown 

(4)  Preventive  Mintenancc 

f     Provided  a  Vers.at  processor,  certify  the  processor  ■echanically.  (6) 

chemically  and  sensitometrlcally.    The  P«^~«««^ .'f^^.^^^t^^^^HJ^^iiinr"* 
local  certification  standanls.    STSs    3«,  3d,  6b(l)(b).  6b(2)(b),  «»(3), 

6e(2).  11a,  lib.  11c,  lid    Meas:    W.  PC 
(1>    Kechanical  certification 

(2)  Cheaical  certification 

(3)  Trouble  shooting 

(4)  Seosito«etrlc  certification 
(3)    Process  control 


g.  Explain  the  need  for  a  quality  assurance  prograa  within  con- 
tinuous photoprocesslng  laboratories.    STS:    6b(2)Cb)    Meass  W 

(1)  laboratory  quality  assurance 

(2)  Central  calibration  program 


(1) 
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(3)    Senflor  nytem  evaluation  farograa 

h.    Using  ft  preinapectlon  table  and  a  VeraMar  proceaaor,  prelnaf«cc  (5) 
and  proctfSN  expoaed  aerial  film,  proceaaed  fiU  wiat  be  free  of  precaaalng 
defecta.    STS:    3a,  3d,  6c(2),  6c(4).  6cC5).  6c(7).  6c(9),  6c(10)(a). 
<M^(10)(b).  10a (1).  10a (2)    Meaa:    W,  PC 

(i)     Frelnspi'c tlon  and  niakisup 

(i)    Vroc esHlng  deCecea 

SUPPORT  MATERIALS  AKD  GUXDANCE 

Student  Inatrui  t ional  Materials 

SW  G3ABR23330    00I«III-1.  Contlnuoua  Procesaor  Operatiou 

V, 

Flln  NN  10302A.  Ihv  HI-18  KUe  Proceaaor 

File  MM  10302C,  Tlw  F.H-<38  Proceaaor  Quality  Control 

Silver  Recovery  Cartridge  Trainer 

TralRlm  Egulfent 

Preinapection  Table  (4) 

Vcraaaat  Nudel  UCMV  Proceaaor  (4) 

ProceaalnK  Support  Equlpaent  (8)  * 
Cleaning  Suppllea  and  Equipment  (8) 

Ti  -linlnK  Htfthoda 

Ulst  uaalon  and  DoimiaLf atlon  (6  hra) 
fertarwafu  e  (30  hra) 
err  Aaalgnsentb  (12  hrs) 

iii,-4i  rut  J  l^^iw^l  ^''i.^i^J*Dj 

HnpfMMl/t-  c  tun-  k  1 1  a  t  pr«»cfduf  ft.  .nui  ^*«^t•fy.    C  iv*-  I  mi  tvidual  Jr.  trui  tin:.  .  .i 
'  {aEtup,  I  frtif  U  ation,  ti|x  ialIuj', ,  iruublutiUn.i in<4,  dnd  shuL»iiiwn  prwvk:^.-, .   .. . 
I.n.-iurcs  that  Hiudentd  MBve  their  proi:esMud  film  for  usu  In  the  next  SW.  Check. 
iViT  ^nulgniientti .  - 
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Continuou*  Photoproceaatnn  Spectflli»t 


2.    Titling  aiKl  CUantni  Aerial  FU* 

a.    Using  An  «Mliting  cabU.  poatlnapact  and  atcach  head  and  tail 
t'rltkata  to  a  roll  of  proeesaod  aerial  fibi.    All  defects  vuat  be 
r«^cordad.    STS:    lOb^  lOc.  lOe,  lOh(l).  X0h(2),  lOl   Neaas    V»  fC 

(1)  I'u.U  Jn:li>UC  tluil 

(2)  I'rluiury  briiak4uvm 

t».    Ubing  n  Dual  Ik'dU  filoi  tlcler,  title  proceasad  aerial  film. 
Typv  nuHt  be  iorr«H!tly  positioned  and  cranafer  to  the  f lis  auat  be 
IfKible  wtthotit  flow  >ir  tnboaaing.    STS:    3a.  3c (U.  3c (2).  3d, 
i24(l)(a),  UadXb),  Ua(l)(c),  12aa)<d),  12a?257  12i(3),  12a(4}, 

I2t  /  I2d    Meda:     W,  l'( 

(1)  TUlUiK  prim  tpleu 

(2)  (ftiieral  Ut'ckrlption 

(3)  U«talU'd  deBLrlptlon 

(4)  Preoperatlon  procedures 

(5)  Upertitlon 
(b)  Shutdown 

(7)  Frevfitiiv^  maintenance 

.  .    Urilng  .1  Dc'law.tre  portable  fila  titler,  title  pr<K:eaaed  aerial 
tlloi.    Type  miiHt  ht  c  urrtHCly  pttaltiiK'ed  and  transfer  to  the  fila  auat 
be  U-'glblii  wlthuut  flow  or  eaboHsing.    SIS:    3a.  3d,  12aCl)(a). 
UAUJLXk).  I2a(l)(c),  I2a(i)(d>,  12a<2).  12e(3).  l2aCy),  12c,  I2d  Keas: 
W,  VC 

(I)    Oeiutral  deacription 
<2)    UetaUi-d  detM- riptlon 
(i)    l'rt*oper.iLiA)n  prncvdurcs 


TtMt 
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(4)  <^r«tl(Mi 

(5)  SKuCdcnm 

(6)  Prevent  Lv«  ■alnCeiuincr 

d.      Using  a  r tin  cleaner,  clean        iim^I  n«»rl«l  tlim.    Cleaned  film  (k) 

oust  be  ftvc  of  object  lomiblc  din,    .       . .^ihcr  lor        i»iiit»ir.  | 
3a,  3d,  5a(21)(a),  lM(21)(b),  Ub(i  m.;.  I.i.(0*b2'  ^'W}}tb  I?!!.--* "  ^' 
Uc,  12d    Meas;    W,  Pf^ 

(1)  laconic  tacKy  roll  cleaner 

(2)  Tacky  roller  Clla  c Irancr 
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Student  Instructional  Haterlala 

SW  C3AfiR23330    001-III-2,  Titling  and  Cleaning  Aerial  Pll» 

Training  KqulpBicnt 

Editing  Table  (8) 

Dual  Head  Piln  Tltler  (8) 

Delaware  Flln  Tltler  (8) 

Tacky  Roller  Flln  Cleaner  (8) 

Taconic  Tacky  Roll  Cleaner  (8) 

Allen  wrenches  (2) 

Training  Methods 

Discussion  and  Dttnonfitratlon  (4  hrs) 
Perforaam-c  (1/  Urn) 
CTT  AsslgHBKnts  <4  hrs) 

Instructional  Ciuldancc,  . 
Clicck  Clin  Lu  Mmttv  cfiut  titling  ih  lomplete  and  legible,     stress  the 
laportancc  of  proper  Ci la  cleaning  tcnhnlcjues.    Ensure  that  student*  »avc 
their  titled  filo  for  uae  in  the  next  block.    Observe  cowpreHsod  gae  aafety 
prccautlonti.    Check  CTT  asslgmvntu. 

3.  Relatcxl  Training  (idcniifled  in  course  chart)  2 

2 

4.  Heasurenent  and  Critique 

a.  Measurement  Test 

b.  Test  Critique 
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1.    Mondodiili^  continuoua  Prlneii^ 


Umng  an  EN-lldA  Niagara  Conciituoua  Prlntci  aivt  Ver««Mfc  UCM 
rr«>ce»Mr.  duplicate  a  rolj  of  previously  proceawd  fUa.  FlnlaM 

chaalcal  and  physical  dafacta  and  hava  ac- 
ceptable  density  and  contraat.    STS:    3a,  3b,  3d.  S«(21)a)  Sar2nfi.\ 

n^:    1^^'  ^'li-  2fek"^"»,^^^n)r• 

^    (1)  DifBcrlptlon  ol  printer 

(2)  Preoperational  proceduren  for  the  Niagara  Printer 

(3)  Printer  oporutlon 

(4)  Preventive  Maintenance 

(5)  Printer  lertlf Icatlon 

(6)  PrlnttT  correlation 

(7)  Material  14  for  photographli-  dupllcailon 

(8)  Tone  reproduction 

(9)  Ttlgrattlenc  tune  control  syatoi 
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Student  In»tructioiMil  Materials 

SliG3AK23330    001-W-l.  !toiid«J»inS  C«»tii»*ou*  Frlntlin 


Tratnimt  Eouipwent 

Elh66A  Continuous  Contact  Printer 

Vcrsaaat  Model  IICH  Processor  (8) 


(8) 


Training  Methods 

Discussion  and  Oeaonstratlon  (12  hrs) 
Perfonuince  (12  tirs) 

CTT  Asslgiwents  (8  hrs)  ^ 

Instructional  Guidance  .       _«  «^ 

The  dune  positive  produced  in  thU  unit  o£  instruction  wlU  be  uMd  Cw 
SltntlS^  Tdu^  neS^tive  in  the  next  study  guide/ workbook.    Stres.  eUctric.l 
and  iKchanlcal  safety.    Check  CTT  asaigments.  \ 
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2*    Aucowatic  Dodg^ing  ConcinuouflT  Printing 

a.  Using  an  SP  10/70  Continuous  Contact  Print.er,  and  Veraaawit  IICM 
I'ru.  easor,  dupl  Icatt-  h  roll  of  previously  proceased  filn.  Finished 

.'tuduii  rauat  hi*  fn-i-  ut  choiu  Lual  and  physli  aJ  .tcfccta  and  have  ai  r*. 
abic  density  und  cuncraat  .     STS:     Jii,  Ih,  '>a(21)(a),  5a(2:)(b),  . 
t'l.^A).  ^-(Z).  ^bd).  7b(2).  TbO).  ';c(2),  7d(2).  7e(2).  7f(2),  ll'Clj 
fteaa:     W,  PC  • 

(1)  Ot^neral  description 

(2)  Detailed  deatription  ; 

(3)  Control  panel  descripdon 

(4)  Aicessorlt^B 

(5)  Initial  Hetup  and  certification 

(6)  Operational  printing 
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Student  Ingtructlonal  MaterUU 

Sif  G3ABft23330    OOl-XV-2,  Autoaatlc  Dodging  Continuoua  Printing 
Ttalnlng  Equlpwent 

SP  10/70  Continuous  Contact  Printer  (M) 
Versaaat  Model  IICM  Proceaaor  (8) 

Training  Methods 

Discussion  and  Dewonatratlon  (6  hrs) 
Per£oniance  (10  hrs) 
^TT  Assignaents  (A  hrs) 

Instructional  Guidance  . 

Ensure  that  students  save  their  dupe  negatives  ""^^JL*»*  "J*^^. 
block.    Stress  electrical  and  aechanical  .safety.    Check  CTT  aMl«nMnea. 


3.  Related  Training  (idenetfied  in  course  chart) 
A.    Measurenent  and  Critique 

a.  Measurement  Test 

b.  Test  Critique 


2 
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1.    N«nual  Contact  Printing 

a.    Using  Mnual  contact  printers,  laboratory  facilities,  aerial 
ni*Kativt2ti,  and  printing  iaaterlalB»  produce  black -"and-whlte  prints  which 

.ire  tree  of  expoaure  and  proceaiitng  defects.    STS:     3a,  3b,  3d, 

'>a(21)(a),   5d(.'iUb),  Hb,  He,  «d ,  Hv,  Hl\  8g,  Hh,   9a_,  9b.  Vc^,  "^I- 
9g.  9h.  9i.  9^(i).  9J(2T.  9J(3).  i7c    Meaa:    W,  PC 

(1)  Principles  of  contact  printing 

(2)  Manual  contact  printer* 

(3)  Printing  ouiterlalB 

(^)    £N-22A«  Manual  Contact  Printer 

(5)  Contact  printing  controls 

(6)  Safety 

■ 
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Student  Ipatructional  tfaiterlali 

Stf  GlAn23330   001 Nanuftl  Contact  Printing 

*       -  '  - 

Audio  Viaual  Aid* 

Fila  MN  5187.  Pundmentals  of  Fliotography     Printing  the  Pnaitivn 

Training  K<|uipmcnt 
EN<-22  Contact  Printer  (1) 
Timer,  Interval  (1) 
Timer,  Continuous  (1) 
Therooeeter  (2) 
Laboratory  Facilities  (8) 
Princ  Washer  (4) 
Print  Dryer  (8)  ' 

Tr a  inin^^  Me thods  . 

Dlscuaaion  and  Doaonstratlon  (2  hrs) 
Perfonnance  (10  hrs) 
CTI  Aaaignnents  (<i  hrs) 

Instructional  Guidance 

Stress  electrical  safety.    Use  previously  produced  aerial  duplicate 
negatives.    Give  individual  assistance  on  Hodglng  techniques.  Bliphaaise 
contrast  and  density  controls.    ChccV  CTT  isaigmients. 
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2.    Copying  Ti*chni<)U4>s 

a.    Givtn  «o»«lc8,  copy  cqulp««it,  proceMing  and  P^f^n]^"* 
facllltlei,  produce  a  scaled  reproduction  of  the  aoMic.    The  sUe  ot 
Llw  reproduction  Miac  be  within  f  5  p«rc«it  of  the  desired 

STS:     la.  lb,  ')«(21)(.i);  «»a(21)(h).  Hi*.  1%.  He,  17c    Meas:    W.  PC 

(1)  Hosalc  production 

(2)  FundaMntais  of  copying 

(3)  Llfibtin^  for  copying 
(<,)  Flltera 

(5)  Film  selection 

(6)  Copy  camera  opera t Ion 

(7)  Laboratory  safety 
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Student  Ia»tructioi>ai  lUfrUU 

SV  G3AA23390    OOl-V-2,  Copn««  T«cl«lv« 

TralniwR  EqulPient 
Copy  Canera  (2) 
Copy  EqulpoMnt  (8) 
Copy  Room  Faculties  (8) 
Lalyoratory  Facilities  (8) 
Tiaer,  ContinMOus  (1) 
Print  Washer  (4) 
Print  Dryer  (8) 

N 

Training  Methods 

Discussion  and  Denonstratlon  (3  nrs; 
Perforaance  (9  hrs) 
CTT  Asslgnsents  (4  hrs) 

Instructional  Guidance 

Make  this  SW  slanted  toward  field  operations. 


Check  CTT  assignMnts. 
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3.    Projection  Printing 

a.  Usif^  Mnu«l  projection  printera,  laboratory  facilitloi, 
aerial  negatives  and  printing  materiala,  produce  bl«ck-«nd-^ite 
priiitu  which  are  free  of  expt^urc  and  proceasiog  dofects. 

:iTi.:  3a,  3b,  id,  I>ai2i)(a).  5a(2l)0)),  8h(2).  So.  8d.  8c,  8f,,  8^.,  £ 
I7b.    Meds:    W,  PC 

(1)  Priuciples  ot  projection  printing 

(2)  Types  of  projection  printers 

(3)  Projticiion  printer  models 

(4)  KN-SiB  projection  printer 

(5)  Projfcilon  printing  procedures  ^ 

(6)  Projection  printing  controls 
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Student  Instruct  tonal  MatertoU 
SWG3ABt23330    OOl-V-3,  Projection  Printing 

Training  Equipment 
Projection  Printer  (1) 
Uiboratory  Facilities  (8) 
Tlser,  Interval  CD 
Tiaer,  Continuous  (1) 
TheniOMeter  (2) 
Print  Washer  (^) 
Print  Dryer  (8) 

Training  Methods 

Discussion  and" Demonstration  (3  hrs) 
Ferfor«ance  (9  hrs) 
err  AsslgMsencs  (A  hrs) 


COMfttt  COMTffMT 


SUPPORT  NATKRIAL^  AND  GUIDANCE 


properly.    Check  CTT  asslgnnents. 
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4.    Step-ttode  PrlnttnK 

Using  «  Mark  IIRSA  printer,  Vrntum^t  IXCH  processor,  fM^«- 

tivcs,  aiul  prlncing  wiciirlaU,  produce  priAts  In  Che  contKC  ai^  pro* 

ttft  iton  modes  of  operaclon.    Prints  wist  be  free  of  phys^sl  and  cbe«« 

U.4I  drfucts  diul  must  huvi      oc'pt.ible  density  and  contrast. 

STS:     Sn,    II..   kl,  5a(;U)(a),  >a(21)(b).  7.t(2).  Vb(l).  7b C2),  yc(2'. 

7c(J).  7d  (2).  7f(2).  7ii(l).  Meas:    V,  SC 

(1)  Description 

(2)  Exposure  and  dodging  systems 

(3)  Controls  and  Indicators 

(4)  Operation  o£  the  Mark  XIR5A 

(5)  Safety  precautions 
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afFFOlT  NATfflULS  AM)  GUIDAKI 


Studait  In»tnictioiml  HaterUla 

SH  G3A»23330   001-^-4,  Stcp-Kode  Print Ing 


Training  E^uipWKnt 

Mark  IIRSA  (8) 

VersAoat  IICM  Processor  (4) 

Exposure  Index  CallbreClon  Swec  (4) 

TralninR  Methods 

Discussion  and  Deaonstration  (6  hrs) 
Perfomancr  (15  hrs) 
CTT  Astfignaents  (8  hrs) 

Instructional  Culdaace 

Stress  electrical  safety.  Use  duplicate  n^atives  fro«  pravioua  bloeli. 
Check  CTT  aaslamsents. 

5.    Measureaenc  and  Critique  2 

a.  Neasurenent  Test 

b.  Test  Critique 
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1.    Color  Theory 

41.    hrovldtfd  eMercUen  f»re«lnliig  eo  tho  function  of  M.f  lifhe 
in  fomlng  colors,  identify  color*  foniad  by  odditivo  sad  Mibtroctivo 
Mono.    STS:    17«(1),  I7«(2)     Neofs  U 

(1)  bier  tr<nagnct  tc  npecirun 

(2)  Vlaibi^'  tipecLrua 

(3)  lYlchroouitli*  syocaas 
(A)  Additive  color  proceoo 

(5)  Subcractive  color  {htocooo 

(6)  A4ditlvf  and  subcractlva  printer  syatcMi 

b.    Ualng  pruvidtHi  diagraaa,  write  the  naaea  of  dyea  toraed  in 
various  color  Cila  enulaloiis  yhen  expoaad  to  given  colors.    STS:  13c, 
111.  ila.  17a(l),  17«(2)    MoBi.      W,  K 

(1)  Dye  couplers 

(7}  Standard  reveraal  procoas 

(3)  Color  negative  procoaa 

(4)  Storage 

(5)  Illumination 
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PLAN  OP  INITIIUCTIOIf  AinON  PLiH  PAIT  1  (CmHimmiIm  S^mI) 

-  COURSI  CONTINT 

c.    Describe  the  najor  cheracceristlcfi  of  notioa  picture  Masltlced  (6, 
Mterials.    STS:    I3c    Meaa:    W,  fC 

(1)    Requlrcacnts  of  aotlon  picture  fila 

(2)    Motion  picture  file  conf Iguratione 

(3)  Spooling 

(4)    Reversal  filns 

SUPPORT  MATERIALS  AN)  OU mAICE 

Student  Instruct 'onal  Materials 

SW  G3ABR23330        -VI-1.  Color  Tlwory 

Audio  Visual  Aids 

Color  Chsrts  on  Characteristics  of  Light 
Color  Star 

Training  Methods 

Dlscuaaion  and  DesKinstratlon  (6  hrs) 
PerionMnce  (6  hrs) 
CTT  AasignsKnts  (4  hrs) 

Instructional  Guidance 

Students  are  authorized  a  six  hour  field  trip  to 
use  in  this  block.    Check  CTT  assigntncnls. 

exf»o«<i  filii  for  later 
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Continuautt  Phatoproc<isalng  Special  la ^ 


Z  T1MI 


2.    Color  Chealscry 

a.  Llsc  Chi*  major  proccdiing 'scep9  i^hac  are  required  fgr  pro<« 
ci'MMing  dlfferenc  typcn  of  color  fil«.    STS:    lSa<l)    Meas;  V 

(1)  Nugatlvu/pOHltiw  proceSH 

(2)  Reversal  proc^iss  -v^^  ~ 

b.  Llsi  the  coaponcmcu  of  the  ME-4  process  in  order  and  explain 
I  he  purpose  of  vach  component.     STS:     ib,  15a  (1)    H«aa:    W  " 

(1)  'Prtfhardner 

(2)  Neutral  l/.er 

(J)  Firtii  dt^veloper 

(4)  First  stop 

(5)  First  wash 

(6)  Color  developer  ^ 

(7)  Second  stop  ' 

(8)  Si'iond  wadh 

(9)  Bleach 
(tO)  Fix 

<i  1  )  F  Iruil  w.ibh 

il?)  Stabli  1  'i'l 

<li)  Dry 


T1MI 


(6/2) 


IICNATMSf  ANP  OATf 


SUf  EKVISOR  AFrWOVAL,  OP  LgS»Wf        (f  AWT  U)  


PL  «M  0>^^  iMtTNuCTiOM  NuMtCR 


"Jate 

1  October  1977 


PACE  NO. 


5i 


PLAN  OF  IKSTtUCnON/LESSON  FL.\M  FAIT  I  (CmHmmHm  SUvt)  ^ 


COURSf  COMTCNT 


c.    Ustng  packaged  ME-4  color  chenlcala,  chealcal  vixlns  facilities 
and  equipment,  mix.  ME-A  color  che«icals  foUowing  the  Mnu€«cturar*a 
instructions.    STS:     3a.  3b,  3d.  5a(2l)Ctt).  5a(21)(b).  15a CI),  l^d), 
15b(3).  ISbCA),  15b(5)    Mens:    H,  PC 

(1)  Handling  color  chemicals 

(2)  ME-4  chemical  liandlin*;  precautions 

(3)  Mixing  solutions 

('.)    Certification  of  mixed  -lolutlons 


Sl'PPORT  MATHIIALS  AND  CUTDANCE 


Student  Instructional  Materiala 

SW  G3ABR23330    OOl-VI-2,  Color  Chemistry 

Audio  Visual  Aids 

Slide  Tape  ME-A  Color  Chemistry 

Training  E(|;uipment 
Hydronixer  (8) 

traininR  Methods 

Discussion  and  Demonstration  (3  hrs) 
Performance  (3  hrs) 
CTT  Assignment   (2  hrs) 

Instructional  Guidance 

Insure  thorough  understar*! ing  of  the  sequence  of  each  processing  step. 
Emphasize  safe  handling  precautions  and  cleanXlneso.    Check  CTT  assign 
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fUM  OF  IMSTHUCTiONAgSSOH  PLAH  PART  I 

— —  leiuwtviTif  


ContiiUiQua  Photoproccfliiim  So^ia11««^ 


3.    Processor  Operation  y 

a.  lUenKlfy  the  functions  of  motion  picture  processors.  ST$i 

ja,  Jb,   Jd,  6a (2)  ,  be  ( 7 ) .  ba(H)    Meaa:    W,  PC 

(1)  Biack-and -white  pcocessora 

(2)  Difference  between  black-and-white  and  color  proceasors 

(3)  NE-4t  processing  design  considerations 

b.  Identify  and  locace  the  laa joc^onponents,  syatens,  add 
concruls  of  the  Colormasteif  Nark  II  p^okesaor.    STS:    3a»  3b,  3d, 
6a(l)(a).  6aa}(b).  6aa)(c).  6a(l)(d>,  6a(l)(e),  6aa)(f)  Neaa: 
W,  PC 

(1)  General  description 

(2)  Detailed  description 

c.  Using  a  Colormaster  Mark  II  processor  and  an  operating  check" 
list,  start  up,  certify  and  shut  dowi  the  processor  lAV  the  checklist. 
STS:     3a.  3b.  3d,  6a(l)(a).  6a(l)(b),  6aa)(c).  6a(l)(d),  ftaOX*). 
6a(i)(f).  6aQJi.  6a(4),  6a  (5).  6a  (6).  6a(7).  6a  (9).  6b  (1)  (a>.  6b(2)(a). 
IHli..  ^jQl.  6fXll.  61121.  5a (21) (a).  5a(21)Cb).  6f(3)(a)    Neas:  W. 
PC 

(1)  Preoperational  procedures 

(2)  Startup 

(3)  Operation 

(k)    Ct;r tlf Icatlon  procedures 

Shut  down 
(^)    Preventive  Msineenancs 
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d.    Make  up  previously  exposed  Moflon  picture  tLlm  and  proem  on  (V> 
the  Colormster  processor.    FU«  wist  be  fr«e  of  proe«Mii«  defwM.  STSj 
3a,  3b.  3d,  6a (1) (a).  6a(l)(b).  6a(l)f.c),  ^ilOlija^^ (}M«) ;^;Cy tg}>  fcOb 

6^)»  6c(9),  6c (10) (a).  6c(10)(b).  10S.»  MSr^iSl. 

101   Meas:    V,  fC 


(1) 

Filn  nakeup 

(2) 

Load  station  change  over 

(3) 

Takeup  station  change  over 

(4) 

Systenn  monitoring 

(5) 

Processor  malfunctions 

(6) 

Postlnspectlon 

SUPPORT  MATERIALS  AND  CUIDAHCE 


Student  Instructional  Materials 

SW  G3ASR23330    OOl-VI-3,  Processor  Op<:ratlon 


Training  E<iulpnent 

Coloniaster  Mark  II  Processor  (8) 

Staple  Gun  and  Staples  (8) 

Makeup  Table  (8) 

Splicer  (8) 

Training  Methods 

Discussion  and  Demons trat ion  (6  hrs) 
Perf ormancfi  (21  hrn) 
CTT  Assignments  (6  hrs) 

Instructional  Cuidancf   

SltvBH  iinpurtance  of   :onHt..nt  rmnitotim  for  any  malfunctions  during  equipment 
operation.    Also  insure-  that  thorough  equipment  shutdown  and  cleanup  procedures 
are  followed.     Insure  students  observe  safety  practices  at  all  tlaes  during  pro- 
cessor operation.    Check  C'iT  assignments. 


•4.    Related  Training     (indicated  in  course  chart) 
5.    Measureroent  and  Critique 


4 
2 


a.  Measurement  Test 

b.  Test  Critique 

6-.    Course  Crltiqui'  and  Gradual  i»>n 
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STUDY  GUIDES  AND  WORKBOOKS 
G3ABR2i3iO  OUl-l 


Technical  Training 


Continuous  Photoprc^cessing  Specialist 


PHOTOGRAPHIC  FUNDAMENTALS 


October  1977 


i^OOth  TECHNICAL  TRAINING  WING 
3430th  Technical  Training  Group 
Lowry  Air  Force  Base,  Colorado 


Designed  For  ATC  Course  Use 
DO  NOT  USE  ON  THE  JOB 
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MODIflCATIONS 


"^QlxX^  nh  SectioVn  7^      of  this  publication  has  (have)  been  deleted  in 
adapting  this  material  for  use  in  Vocational  and  Technical  Education.  Deleted 
material  involves  extensive  use  of  military  forms,  procedures,  systems,  etc. 
and  was  not  considered  appropriate  for  use  in  vocational  and  technical  educa- 
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SAFETY 


Accidents  happen  without  cause.    Accident  records  show  that  of  all 
accldenta,  88  percent  are  caused  by  unsafe  acts  of  people,  10  percent  by 
unsafe  conditions  which  people  allow  to  exist,  and  only  2  percent  by 
natural  disasters.    The  identification,  iaolation.  and  control  of  these 
causes  form  the  backbone  behind  accident  prevention  programs. 

Some  phases  of  photographic  work  have  a  potential  for  producing 
accidents.    Some  of  the  work  U  performed  in  total  darkness  or  under / 
extremely  low  levels  of  illumination.    Some  of  fhe  photographic  pro-^*"^ 
cesses  require  the  use  of  chemicals  that,  if  used  improperly,  can  cause 
serious  injuries.    However,  if  you  are  aware  of  the  potential  danger  and 
exercise  the  safety  precautions  covered  in  this  text,  the  chances  of 
your  being  Involved  in  an  accident  are  extremely  limited. 

You  should  begin  to  develop  good  safety  habits  now.  Accidents 
result  in  pain  and  suffering,  needless  waste  of  manpower  and  materials, 
and  could  result  in  failure  to  carry  out  the  assigned  mission  of  the 
unit.    For  this  reason,  safety  is  stressed  throughout  the  course.  Pro- 
tect yourself  from  possible  accidents  by  paying  close  attention  to  the 
prescribed  safety  policies  and  procedures. 

SW  G3ABR23330  001-1-2" 
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The  following  inforaatlon  is  provldc^d  td  help  you  deal  with  soae  of 
the  n»re  coonon  safety  problems  you  may  i*ncoumer. 

Va ruing  Signs 

Observing  posted  warning  signs  and  ci^lylng  with  directed  pro- 
cedures help  establish  safe  working  habits.    Signs  such  as  INFLAMWUSLE* 
HIGH  VOLTAGE,  TOXIC  CHEMICALS,  and  POISON  are  there  to  identify  poten- 
tial hazards  and  to  help  you  avoid  accidents.    Observe  the  signs  and 
comply  with  recommended  procedures  for  h^mdllnp.  these  items.     If  In 
doubt  as  to  what  action  to  take,  check  with  yonr  instructor.  Don't 
become  an  accident  statistic  through  Ignorance. 

Illumination 

Photo  darkrooms .require  the  use  of  little  or  no  illumination.  This 
provides  an  excellent  environment  for  accidents.    Organization  Is  the 
key  to  accident  prevention  here*    If  you  work  in  the  dark»  you  must  know 
by  memory,  where  everything  is  locate.    Everything  has  its  place  in 
the  darkroom  and  should  be  properly  stored  when  not  in  use.    Check  your 
darkroom  before  turning  out  the  lights.    This  little  tip  tan  save  you  ^ 
many  bumps  and  bruises.    Small  quantities  of 'luminous  paint  qr  tape  are 
helpful  in  identifying  hazards  or  orienting  yottrself  in  the  dark. 

Chemical  Hazards 

Almost  any  chemical^  ifmisused*  constitutes  a  hazard  of  some  sort. 
Generally »  photo  ch^icals  present  no  more  of  h  hazard  than  some  of  the 
common  cleaning  prodt!ict6  found  around  the  home.    Hoi^ever^  to  avoid  any 
chance  of  an  accident »  you  should  follow  the  following  procedures  In 
handling  the  storage  of  chemicals. 


1.  Strict  adherence  to  the  manufacturer's  racomnendations  for 
mixing  and  use  of  the  chemistry  is  mandatory.    Because  of  the  research 
involved »  the  manufacturer  is  the  most  Informeil  source  concerning  the 
necessary  safety  precautions* 

2.  Kake  sure  that  your  laboratory  has  adequate  ventilation. 
Vents  should  be  installed  to  insure  that  vapors  are  quickly  removed  from 
the  work  area.    Some  of  the  photographic  chemistry  contains  Formalin* 
the  liquid  formula  for  formaldehyde.    This  chonlcal  is  a  nose  and  throat 
irritant.    If  the  worker  is  exposed  to  its  vapors  for  prolonged  periods 
of  time,  he  will  develop  severe  headaches.    Proper  ventilation  eliwinatcs 
this  problem.  *  ,  * 


3,  Never  sniff  a  container  or  oj^ed  bottle  to  determine  its  con- 
tents. Sniffing  concentrate  aawmia  could  damage  your  lungs.  If  it  is 
necessary  to  identify  a  substance  by  smellt  cautiously  sniff  the  lid 

instead. 
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4.  Wiieit  neieaaaryy  proper  prociictlve  equlpmisnt  and  clothing 
»himld  be  worn.    Working  with  caustic  chemicals  or  acids  requires  .that 
you  use  a  rubber  aproni  rubber  gloves,  and  gogglM*    If  you  are  mixing 
chemicals  in  a  powder  forvt  a  respirator  la  advised  to  prevent  liUtaXlag 
the  dust.    Again,  adequate  ventilation  la  required.    Wh^n  diluting  acids 
with  water,  r^ember  this  rule.  ALWAYS  ADD  ACID.    Adding  water  to 
concentrated  acid  can  cause  it  to  boll  and  splatter.    This  could  result 
in  severe  burns  and  possible  damage  to  the  eyes.    Always  add  acid  to 
water.    When  diluting  sodium  hydroxide  in  water,  always  use  cold  water. 
Sodium  hydroxide  raises  the  temperature  of  the  water.    If  ward  water  is 
used,  it  will  boll  and  splatter.    In  case  you  didn't  remember «  sodium 
hydroxide  is  commonly  called  Lye  and  can  produce  vary  severe  burns. 

Other  chemicals  used  to  compound  photographic  solutions  can  cause 
skin  irritation.    This  Is  not  a  comoKin  occurrence,  but  it  does  happen. 
Genei  Uy,  the  person  lnvolvt*d  has  a  record  of  probla&s  pertaining  to 
akin  sensitivity*    One  of  th(«  beat  ways  to  .void  problems  like  this  is 
to  wash  the  exposed  area  as  ^^oon  as  possible  after  exposure.    If  you  are 
hand  processing  prints,  periodically  rinse  your  hands  in  the  stop  bath 
or  fixer  to  neutralize  the  effects  of  prolonged  contact  with  the  de- 
veloper.   Proper  application  of  soap  and  water  also  helps  to  lessen  the 
chances  for  Irritation. 

5,  Make  certain  that  solutions  are  stored  in  properly  labeled 
containers*    When  these  containers  are  not  in  use  they  should  be  stored 
In  a  safe  placr*    Avoid  storing  acids  and  other  hazardous  chemicals  on 
high  shelves*    This  precludes  the  possibility  of  their  being  knocked  off 
and  causing  an  accident.    Corrosive  chemlcaltt.  such  as  color  bleach, 
should  be  stored  In  hard  rubber  tanks  or  glass  bottles.    Amber  colored 
bottles  or  tanks  with  floating  lids  may       used  where  appropriate. 

Compressed  Gases 

The  f^st  frequently  used  form  of  compressed  gas  is  nitrogen.    It  is 
used  to  provide  agitation  during  film  and  print  processing.    Nitrogen  is 
an  odorless,  colorless,  tasteless,  and  chemically  inert  gas  which  is 
neither  corrosive,  explosive,  nor  flammable. 

After  wJiat  haa  just  been  satd^  you  might  wonder  how  this  compressed 
gaH  could  produce  a  situation  that  could  be  hazardous  to  you.  Actually, 
it  can  be  dangerous  in  two  ways.    First,  since  It  is  in  a  compressed 
fonn,  there  la  quite  a  volume  present  In  the  container.    If  it  were  used 
in  a  confined  area  and  there  wre  a  lack  of  adequate  ventilation,  the 
gas  could  easily  asphyxiate  the  worker.^  Because  it  is  odorless,  color- 
less, and  tasteless,  it  wuld  be  almost  Impossible  to  identify  the 
hazardous  situation  until  too  late.    Good  ventilation  and  careful 
inspection  to  insure  that  hoses  and  fittings  are  in  good  condition  and 
properly  connnected  will  eliminate  this  potential  haatard. 
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Secondly p  because  the  gas  is  in  a  romprefised  form,  thi»  container 
itself  Is  a  source  of  danger.    The  cont^iiner  ntust  be  handled  rarefully 
to  avoid  damage.    If  the  top  were  cracked  or  broken  the  escaping  ^as 
would  turn  the  cylinder  Into  a  deadly  pio|ectllo.    AlrJiounh  these  types 
of  accidents  occur  Infrequently,  the  poHslblHty  exiHlHi  si»  remetnber  to 
handle  the  gas  cylinders  wltti  care. 

Kl    rrical  Hazards 

A  great  many  items  of  equipment  usrd  In  ihe  photographii:  procesHes 
are  electrically  powered.    You  should  lake  special  safety  precautions  to 
rediict*  the  pos.'^ibillty  of  electrical  shuclc^  burns,  and  equipmnnl  daniaKe 
when  using  this  equipment.    Clieck  |K>wer  cnrda  for  worn  or  t  r^iyeH  InHula- 
tlon^  loose  «:onnt»ctlons  and  broken  parts  to  rainimize  accl«U'ntH.  Se#» 
that  electrical  equipment  is  properly  grounded ,  and  all  power  rnrds  havo 
polar Ued,  three-prong  pluga  attached.     You  can  reduce  your  chances  of 
being  shocked  by  removing  Items  of   Jewolry  surh  .4S  i Ings,  watches,  and 
bracelets  while  operating  machines. 

Overloading  electrical  circuits  is  extremely  dangerous  and  is  not 
permitted  at  any  time.    All  systems  installed  In  Air  Force  Installations 
must  be  equipped  with  fuses,  circuit  hnakerN,  or  other  approved  means 
to  prevent  accidental  overloading.    Only  fuse   of  the  proper  capacity 
should  be  used  and  tinfoilp  solder,  or  other  Mtaterials  should  nevrr  be 
us^^d^n  place  of  a  fuse* 

Machine  Operation 

With  any  type  of  equipment  there  is  always  an  inherent  safety 
problem  to  be  coped  with.    Trimrors  have  sharp  edges  that  ran  cut;  pro- 
cessing machines  liavc  gears  that  can  pinch.     Tlie  lint  of  pf>tentlal 
dangers  is  limitless.    An  aU-rt  Individual,  following  the  established 
safety  practices,  can  avoi^  becoming  a  victim  of  thene  hazards.  Reiaem^ 
ber,  most  safety  rules  are  established  as  a  result  of  someone's  unfor- 
tunate experience.     Don't  you  provide  a  reason  '  { or  m-iking  a  new  rule . 

The  lollowing  procedures  will  help  to  inhure  safe  operation  of 
equipment. 

1.  Make    ertaln  that  no  loose  clothing,  such  as  neckties,  un- 
buttomed  lab  coats,  wrist  watches,  or  ritif.s  can  become  enl.inglcd  In  the 
machine *s  drive  mechanism. 

2.  Print  trimmers  and  scissors  are  used  to  cut  film  and  paper, 
rhey  can  also  slic^  fingers.    When  not  in  use,  these  items  should  be 

/"properly  stored  and  the  trimmer  blade  leit  in  the  down  position. 

3.  Avoid  the  possibility  of  accidental  burns.    Display  a  "HOT" 
warning  sign  after  using  a  dry  mounting  press,  tacklrtg  Iron,  or  film 
splicer. 
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IVi(«»tui  |H**m*4  Hunl  up%*iaCor  umlni i*n<iiicc*  only*    ikmU  be  .1  **Uo 
it  yuurHi*it"  HificlHtir*    Miiiiy  autimiiU'li  procegHOfH  or  printers  have  com- 
t^liiji  or  i?li?i:trti%ii  .eotB{Hiii4n%t:»  awi  require  th^  tarvtce^f  of  a 

Fire  Prevention 

To  prudui!t*  a  firi«»  tin      tilings  must  be  present:    fuel*  heatt  and 
oxygen*    If  any  one  uf  the  three  in  missing,  a  fire' cannot  start,  or,  if 
any  oiw  uf  theiu  in  rt^muviHt,  the  lire  iirill  go  out.    Good  housekeeping  is 
essential  to  etfi^ctlve  fin*  prevention*    Accumulation  of  rubbish,  ^ 
waste,  and  residue  are  all  sourci-s  of  fuel*    Concentration  of  flasmnable 
or  exploHive  K't^^^'t^  «nul  vaimrs  catt  be  destructive*    Fires  are  coiraonly" 
r. carted  by  puupU-  dumping  «  Lgareites  and  ashtrays  Into  waste  paper 
leceptaclca*    A\fOld  this  ptucf  icr. 

Since  fires  may  occur  tmexpci  tedly,  you  muse  be  ready  to  flghi  them 
quickly  and  effectively*     ihtu  mi-ans  that  you  eihuuld  know  the  teltiV^^^^^ 
number  of  the  hane  fire  deHirin^tii  (117  on  Itiiwry).    Prompt  reporting  of 
tires  can  llmll  the  damage*    You  sliould  know  the  location  of  ftre  ex- 
ilngulshers,  the  type  of  extinguisher  requlrci*  to  fight  the  fire,  and 
the  proper  met: hod  for  using  che  extinguisher* 

Fires  are  grouped  into  four  K«ineral  classes »  each  of  which  can  be 
extlngMlshed  by  a  parclcuLir  action,  agenl«  or  extinguisher.  Because 
all  fire  extingulHhing  agents  cannot  be  used  on  all  types  of  fires,  this 
classification  makes  It  possible  to  determine  the  agent  best  suited  for 
fighting  a  particular  type  of  fire. 

CLASS  A»    KlrcH  In  this  classification  can  be  extinguished  effec- 
tively and  safely  by  water,  or  solutions  containing  water*  Fires 
occurring  in  wood,  paper,  and  rags,  are  typical  Class  A  fires* 

CUVSS  FlreH  caused  by  flammable  liquids,  such  as  gasoline  and 
other  futfls,  NoiveniM,  greases,  or  similar  Hubstancen  are  termed  Clans 
B  lires*  Agents  like  CO^,  which  dilute  or  eliminate  air  by  bLankeclng 
the  fire,  are  eMectlve  on  this  type  of  fire*  ^ 

CtASS         lilectricar  tires  comes  under  Class  C-  Extinguishing 
itgents,  sui'h  an  t:o.,,  which  an-  iiunconductors  of  electricity  and  work 
principal  iy  on  fiuiuthering  the  fire  can  bo  used.    Extinguishers  con- 
taining carbon  tetrachloride  must  not  be  used  on  electrical  fires* 

CLASS  I).    Fires  that  Oiu  ur  Jn  combustible  metals,  such  as  magnesium, 
potassJum,  powdered  aluminum,  zinc,  sodium,  titanium,  zirconium,  and 
lithium  are  Clans  D  fires*    Dry  po^^er  extinguishers  should  be  used  on 
all  ClasH  n  fires. 
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Lnercise  3 

PROCEDURES 

Answer  the  follovlng  queitlons  and  record  your  answers  on  a  separate 
sheet  of  paper.    DO  NOT  WRITE  IN  THIS  STUY  WORKBOOK. 

1.  What  is  the  chief  cause  of  accidents? 

2,  List  two  safety  precautions  you  should  observe  for  each  of  the 
following  potential  hazards: 

a.  Electrical. 

b.  Mechanical . 
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c  •      Chemical  • 

d.      Conpressed  gases. 

List  the  four  classes  of  fires  and  give  an  example  of  each. 
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MODIFICATIONS 

* 

jjl  OCJ^X  ^^^(?^  tOt^  ^    of  this  publication  has  (have)  been  deleted  in 
adapting  this  material  for  use  in  Vocational  and  Technical  Education.  Deleted 
material  involves  extensive  use  of  military  forms*  procedures*  systemSi  etc. 
and  was  not  considered  appropriate  for  use  in  vocational  and  technical  educa- 
tlon. 
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BASIC  THEORY  OF  LIQHT  AND  OPTICS 


OBJECTIVE 

Identify  the  five  charHCteristi 
tloMhip  vith  optica. 

INTRODUCTION 


of  light  and  state  their  rela- 


While  the  photoproceaaor  need  not  make  an  extensive  study  oX  the 
physics  of  light »  he  should  nevertheless^  be  acquainted  with  certain 
aspects  of  its  behavior  that  are  of  importance  because  of  their  relation 
to  his  work. 


INFORMATION 


THEORY  OF  LIGHT 


Light  is  uHually  described  as  ^  fono  of  radiant  energy.    It  is  a 
fora  of  wave  energy  that  radiates  from  its  source  in  all  directions. 
Othssr  forms  of  radiant  energy  include  radio  waves,  infrared,  ultra- 
violet,  X'-rays  and  giuama  radiations.    A  simple  example  of  wave  motion 
can  be  demonstrated  by  dropping  a  pebble  into  a  pool  of  water.    As  the 
pebble  hits  the  water  it  causes  wavea  that  spread  in  every  expanding 
elinrfles.    The  light  waves  frcm  the  sun  travel  in  much  the  same  manner. 

CfTaracteristics  of  Light 

WAVE  LENGTH  AND  FREQUENCY.    Different  forms  of  radiant  energy  are 
distinguished  from  each  other  in  two  ways.    They  differ  in  (1)  wave- 
length and  (2)  frequency.    Wavelength  is  the  distarce  from  the  crest  of 
one  wave  to^the  crest  of  the  next.    Frequency  is  the  number  of  waves 
that  pass  a  given  point  in  6ne  second.    The  product  of  wavelength  and 
frequency  is  call€^d  velocity  or  the  speed  of  light.    Figure  4-1  illus- 
trates the  parts  of  a  wavelength. 


CREST  OF  WAVE  ^ 

WaWilMigtb' 

Figure  4-1.    Parts  of  •  Wavelength 


Light  travels  at  approximately  186.000  tnfles  per  second.    The  speed 
of  light  Is  constant  for  any  given  raedlvfm«  but  It  varies  as  It  enters  a 
medium  ot  a  different  density.    For  example,  the  speed  of  light  in 
ordinary  glass  is  only  about  two  thirds  of  Itf*  speed  in  air.  Since 
frequency  remains  constant,  the  change  In  speed  Is  due  to  a  change  In 
wavelength. 

ELECTROMAGNETIC  SPECTRUM •    The  various  forms  of  radiant  energy  form 
a  continuous  series  of  wavelengths,  each  differing  from  the  adjacent 
wavelength  by  an  extremely  small  amount.    Tills  grouping  of  wavelengths 
is  known  as  the  electromagnetic  spectrum.    Figure  6-2  illustrates  the 
electromagnetic  spectrum. 
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Figure  4-2.    The  Electromagnetic  Spectrum 

Visible  light  occupies  just  a  small  part  of  the  total  spectrum  and 
consists  of  w:2velengths  from  about  400  to  700  nanometers.    The  700^ 
nanometer  dljiienston  is  extremely  small.    A  micron  is  one-thour  andth  of  a 
millimeter;  thus  a  nanometer  is  one*-mllllonth  of  a  mllllmett 

If  you  view  the  entire  range  of  visible  spectrum  (from  40O-'7O0tm) , 
you  get  the  semsation  of  seeing  white  light.    However,  if  you  see  only 
a  small  portion  of  the  visible  spectrum,  or  a  particular  wavelength,  you 
get  the  sensation  of  seeing  one  color.    For  example,  light  with  a 
wavelength  of  450  nanometers  appears  blue,  500nm  appears  green,  and 
650mn  appears  red.  . 

If  you  see  various  combinations  of  wavelengths ^  you  get  the  sensa- 
tion of  seeing  different  colors.  The  red,  bluet  And  green  colors 
mentioned  above  are  called  primary  colors.  All  other  colors  are  combi^ 
nations  of  varying  amounts  of  equal  primary  colors •  For  example,  equal 
amounts  of  red  and  green  gives  yellow.  If  there  Is  more  red  than  green 
the  color  becomes  orange* 
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Behavior  of  Light 

• 

Because  ll^ht  is  necessary  to  make  a  photographic  exposure  you  must 
know  something  of  reflection,  transmission,  absorption,  refraction,  and 
dispersion.    To  become  a  good  IntMratory  technician,  it  te  essential 
that  you  understand  these  terms  and  their  principles.    Once  you  know 
them,  you  can  then  effectively  use  light,  the  basic  tool  of  your  profession 

REFLECTION.    The  casting  buck,  or  the  change  in  direction,  of  light 
after  striking  a  surface  is  called  reflection.    Light  striking  a  surface 
is  called  incident  light.    If  the  surface  upon  which  the  light  falls  is 
smooth  and  polished,  reflected  light  bounces  off  of  the  surface  in  the 
same  plane  and  at  the  same  angle  as  the  incident  light.    The  reflections 
from  smooth,  highly  polished  surfaces  are  said  to  be  specular.  Ho%rever, 
if  the  surface  is  rough  and  irregular,  the  light  is  reflected  in  more 
than  one  plane  and  direction.    This  reflected  light  is  diffused..  Study 
the  differences  between  specular  and  diffused  reflections. in  figure  4-3. 


Figure  4-3,    Reflection  ^ 

TRANSMISSION.    The  term  that  describes  the  passing  of  light  through 
a  medium  is  tranmlssion.    For  transmission ^o  take  place,  the  medium 
must  be  either  transparent  or  translucent,    ti  transparent  medium  will 
transmit  rays  of  light  through  its  substance/and  any  object  beyond  or 
behind  the  medium  can  be  distinctly  seen.    TrlR$Blucent  mediums  transmit 
rays  of  light  but  alter  their  direction  of  travel.    An  object  behind  a 
translucent  medium  can  not  be  clearly  seen*    Transmitted  light  passing  . 
through  a  translucent  medium  is  diffused*    Figure  4-4  illustrates  trans- 
mission through  transparent  and  translucent  mediums. 
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Figure  4-"4.    Transmission  Through  Transparent 
and  Translucent  Mediums 

ABSORPTION.    When  light  is  neither  transmitted  nor  reflected  by  a 
medium,  it  is  absorbed.    Black  objects,  such  as  a  black  cloth,  black 
ink,  black  paint,  appear  black  because  they  reflect  very  little  of  the 
light  that  falls  on  them.    On  the  other  hand  white  objects  such  as  white 
paper  and  snow  appear  white  because  they  reflect  most  of  the  incident 
light. 


Objects  appear  as  a  specific  color  because  of  their  powers  of 
absorption  and  reflection.    When  light  falln  upon  a  medium,  some  absorp-- 
tion  and  some  reflection  always  takes  place.    No  known  medium  completely 
absorbs  or  reflects  all  of  the  incident  light.     Figure  4-^5  Illustrates 
this  phenomenon. 


Figure  4-5.    Transwiaeion,  Reflection  and  Absorption 

cf  Light  Kays 

REFRACTION.    The  bending  of  a  light  ray  is  called  refraction.  As 
light  passes  from  a  medium  of  one  density  to  a  mediuut  of  another  density « 
its  speed  is  altered.    If  the  ray  strikes  the  new  medium  at  a  90* 
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angle  to  its  surface,  It  pasa&s  through  with  no  appreciable  change  in 
direction.  .  Thla  type  of  ray  is  called  a  normal  ray.    The  angle  the  ray 
raakea  with  this  surface  Is  called  the  normal  angle,  or  simply,  the  norm. 

It  the  ruy  of  light  mitera  the  new  medium  at  an  oblique  angle  it 
iB  bent  or  refracted.    The  luw  of  refraction  states  that  if  light  enters 
a  medium  of  a  different  density  at  an  oblique  angle,  its  direction  is 
changed  bo  that  the  light  Is  bent  toward  the  norm  if  the  new  medium  is 
more  dense;  and  away  from  the  aorm  if  the  new  medium  is  less  dense. 

Refraction  makes  it  possible  for  a  lens  to  form  a  sharp,  clear 
image  of  an  object.    Light  can  he  bent  and  directed  in  any  direction  and 
to  any  degree  bjj^l)  controlling  the  shape  of  the  surfaces  of  the 
medium  (flat,  cWh^x,  or  concave),  (2)  calculating  the  correct  relation- 
ship of  the  surface  of  the  mediums  or  (3)  choosing  mediums  which  have 
the  correct  density  to  accomplish  the  desired  effect  (flint,  glass. *air 
crown  glass,  etc.).  * 

DISPERSION.    While  th.-  various  colors  produced  when  sunlight  passes 
through  Jewels  or  tranaparint  crystals  have  been  observed  for  centuries 
it  remained  for  Newton,  in  1766,  to  explain  the  phenomenon.    It  was  once 
believed  that  the  colors  were  produced  by  .the  crystals,  but  Newton, 
using  a  prism,  demonstrated  that  the  colors  were  present  in  the  light 
rather  than  the  crystal.    The  separation  of  the  white  light  into  several 
colors  is  the  fesult  of  differential  refraction -of  the  light  by  the 
prism.    The  angular  spread  of  the  light  rays  by  the  prism  is  called 
dispersion,  and  the  band  of  colon  produced  is  called  the  spectrum. 
Figure  4-6  illustrates  the  dispersion  of  light  through  a  pri«n. 


RAY  OF  >*MITE  U6HT 


GLASS  PRiSM 


Figure  4-6.    DlMperaion  of  Light  Through  a  Priam 


OPTICS 

Since  the  functions  oi  opti^is  and  light  are  interdependent,  our 
discussion  of  optics  really  began  when  we  first  considered  the  nature  of 
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light.  Uovever,  since  the  nord  optics  usually  Isoplles  the  use  of  scMe 
system  of  reflecting  and  refraction  devices  to  control  the  behavior  of 
light,  we  will  discuss  It  In  terms  of  those  systems. 

Design  of  a  Lens 

To  understand  the  design  and  function  of  a  lensp  we  imiat  return  our 
r  o  iphts  to  the  prism.    As  you  recall  the  prism  has  the  ability  to  bend 
or  retract  light  rays.     If  two  prisms  are  placed  one  on  top  of  the 
other,  bases  touching,  the  light  rays  passing  through  the  prisms  will 
converge  at  a  point  on  the  other  side*    Conversely,  when  prisms  are 
arranged  in  an  opposite  manner,  points  touching,  the  light  will  diverge* 

A  lens  is  a  solid  piece  of  glass  (or  other  transparent  material) 
that  is  a  refinement  of  two  prisms.    There  are  two  basic  types  of 
lenses:    positive  and  negative.    A  lens  that  causes  light  rays  to  con- 
verge is  a  positive  lens;  one  that  causes  light  rays  to  diverge  is  a 
negative  lens.    The  determining  factor  is  the  thickness  of  the  lens  in 
the  center  as  related  to  the  thickness  at  its  edges.    A  positive  (con- 
vex) lens  is  thicker  in  the  center  and  thinner  at  the  edges.    A  negative 
(concave)  lens  is  thinner  at  the  center  and  thicker  in  the  edges.  Lens 
shapes  are  not  limited  to  these  two  basic  shapes  s^ntioned.    Figure  4-7 
Illustrates  some  of  the  most  coaoun  lens  shapes*    Very  often,  two  or 
more  types  of  lenses  are  cemented  together  to  form  a  complex  lens  system. 
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Figure  4-7.    Common  t^enu  Shapes 
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Lena  CharacteriBtlc^ 

There  are  nany  Items  chat  must  be  included  when  we  consider  the 
characteristics  of  a  lens.    To  iierform  well  as  a  photographic  workman, 
you  must  be  able  to  recognise  the  effect  of  these  lens  characteristics 
on  the  photographic  prckiuct.    You  must  also  learp  how  some  of  the  lens 
characteristics  may  limit  your  photographic  operation  capability  as  well 
as  improve  your  work. 

F(K:AL  length.    The  term  "focal  length**  is  defined  as  the  distance 
between  the  optical  center  of  the  lensiand  the  image  produced  by  the 
lens 9  when  the  lens  is  focused  on  infinity*    To  understand  this  defini*- 
tion,  it  is  essential  to  tmderstand  the  terms  ''optical  center"  and 
"infinity." 

The  optical  center  of  a  lens  is  a  point  usually  (although  not 
always)  within  a  lens,  at  which  the  rays  of  light  from  two  different 
sources  entering  the  lens  are  assumed  to  cross.    The  "infinity"  is  not 
so  easy  to  define.    When  iight  Is  reflected  from  a  point  of  an  object 
through  a  lens%  the  closer  the  point  is  to  the  lens,  the  greater^  is  the 
angle  of  the  spread  of  the  light  rays  from  the  object  to  the  lens.  As 
the  point  gets  tarther  away  from  the  lens,  the  angle  of  spread  becomes 
less  and  less  until  a  distance  is  reached  at  which  the  rays  from  a 
single  point  striking  top  and  bottom  of  the  lens,  for  all  practical 
purposes,  can  be  considered  parallel.    This  distance  Is  "infinity." 

Photographic  lenses  are  measured  according  to  their  focal  length, 
and  the  focal  length  is  unually  Imprinted  somewhere  on  the  lens  mounting. 
This  focal  length  Information  is  measured  in  millimeters  for  short 
lenses  and  in  both  millliiK!ters  and  Inches  for  long  lenses. 

Two  factors  directly  related  to  focal  length  are  (1)  image  size  and 
(2)  subject  coverage.    Th^se  two  factors  vary  Inversely;  i.e.,  image 
size  would  Increase  and  subject  covinrage  would  decrease  as  the  focal 
length  is  increased.    Conversely,  when  the  focal  length  is  decreased, 
the  image  size  Is  decreased  and  the  subject  coverage  is  Increased. 
Figure  4-8  Illustrates  this. 

LENS  SPEED.    One  major  characteristic  of  a  lens  is  its  speed.  The 
term  "lens  speed"  refers  to  the  largest  possible  aperature  of  a  lens — 
the  maximum  amount  of  light  that  a  lens  allows  to  pass  to  the  focal 
plane  and  form  the  Image.    The  lens  speed  is  Indicated  by  a  numerical 
value  termed  an  "f /number."    It  is  dependent  upon  two  factors  and  their 
relationship,    lliese  factors  are  (1)  the  maximum  aperture  of  the  lens 
and  (2)  the  focal  length  of  the  lens.    The  relationship  between  focal 
length  (FL)  and  diameter  (P)  in  determining  lens  speed  is  expressed  as 

FL 

lens  speed  •    —  — 
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Figure  4^8.    Image  Size  Relatjed  to  Focal  Utsigth 

Observe  figure  4^9.    You  can  easily  see  from  this  figure  that  If 
focal  length  remains  constant  p  a  lens  having  a  larger  opening  allm 
tnore  light  to  reach  the  focal  plane  than  does  a  lens  having -^a  smaller 
opening.    The  lens  with  the  larger  opening  la  capable  of  producing  a 
brighter  image  than  the  lens  with  the  smaller  opening  and  is.  therefore, 
termed  a    fast"  lens.    Conversely,  the  lens  With  the  smaller  opening  is 
termed  "slower."  I 


LARGE. 
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Figure  4-9. 


Effect  of  Una  Aperture  on  Zm6«  Brightness 
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RESOLVING  POWER.    The  tenn  "reaolvlng  power"  refers  to  the  ability 
of  a  p)M}tographlc  lena  or  MteriaX  to  form  an  Isaagv  of,  or  record,  fine 
detail.    The  oonwa  neehod  o£  oMMuriitg  this, quality  It  to  photograph  a 
suitable  test  pattern  at  a  greatly  reduced  scale  and  then  exaaine  the 
developed  Image  under  adequate  oagnif icatlon  to  deteralne  the  saallest 
detail  that  Is  resolved.    Resolving  povar  should  usually  be  considered 
with  respect  to  a  lens-flla  coabination.    The  resolving  {rawer  of  a  lens 
by  Itself,  or  a  flln  by  itself,  Indlcatea  little,  as  the  final  photo- 
graphic product  is  necessarily  a  result  of  the  lens-filn  c(»blnatlon. 

PHOTOGRAPHIC  DEFINITION.    The  tara  "photographic  definition"  refers 
to  the  quality  aspect  of  a  photograph  that  is  associated  with  the  clarity 
of  detail.    Since  photographic  definition  is  an  impression  made  on  the 
mind  of  an  observer  when  he  views  a  photograph,  the  concept  of  definition 
becooes  subjective  and  depeitds  on  the  viewer.    In  coanion  terms,  defi- 
nition Is  a  composite  effect  of  at  least  four  subjective  factors: 
resolving  power,  sharpness,  grainlneaa,  and  tone  reproduction. 

Lens  Typcp 

NOR>'AL  LENS.    The  nort&al  focal  length  lens  for  a  carora  is  approxi'- 
nately  e^ual  to  the  diagonal  dimension  of  the  film  being  used  to  record 
Che  image.    This  lens  coverage  la  an  angle  that  is  very  near  the  angle 
covered  Sy  the  human  eye;  i.e.  45*.    For  standard  film  sizes,  the  fol- 
lowing focal  lengths  are  considered  approximatley  "normal." 


FILM  SIZE 


NORMAL  FOCAL  LENGTH 


\ 


\ 


33imQ 

120  (producing  2  1/4  x 
120  (producing  2  1/4  x 
4x5 
8  X  10 


1/4) 
3/4) 


"1 


SOnsa 
SOmss 
lOOma 

150B8B 

300nn 


NOTE:    The  same  approximate  focal  lengths  are  considered  "normal" 
for  enlarging  lenses  when  pfinting  the  different  film  sizes. 


WIDE  ANCLE  LEn£  >jThe  wide  angle  lens  has  a  shorter -than-normal 
local  length.    That  la/^^^e  focal  length  is  less  than  the  diagonal 
dimension  of  the  film  bein\  used. 

In  terms  of  focal  length  for  35mm  cameras,  wide  angle  lenses  start 
at  35mm  and  typically  go  tc  28mm  and  then  to  21mm  or  shorter.  These 
lenses^ give  an  angle  o'f  view  from  70**  to  3,80*  for  a  "flsheye"  lens.  A 
wide  angle  lens  offers  greater,  subject  coverage  with  a  smaller  image 
size;  ^  .  ■     ,  •  , 

LONG  FOCAL  LENGTH  LENS.    "Lung  focal  length"  refers  Co  any  lens 
that^^ias  a  focal  length  greater  rhan  the  diagonal  diiuension  oi  the  film 
being  used. 
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The  advantages  of  a  l<mg  Eocal.  length  lens  are  that  It  haa  a 
narrower  angle  of  coverage  (35 •  or  narrower) ,  ami  produces  a  larger 
Image  size  than  does  a  normal  l^is  under  the  aafse  len8-to**6ubJect  dis- 
tance.   This  makes  the  lens  ideal  for  portraits  and  photographs  of  far** 
away  subjects. 

Lens  Aberrations 

The  inability  of  a  lens  to  project  an  image  that  is  a  faithful  ^ 
reproduction  of  the  original  is  called  an  aberration.    It  has  been  found 
that  by  combining  lenses  of  different  shapes  and  refractive  indices^ 
aberrations  can  be  reduced  to  tolerable  limits.    Such  is  the  case  in  the 
well-Corrected  lens  used  in  cameras  today. 

CHROMATIC  ABERRATION.    The  term  "chromatic  aberration"  describes 
the  inability  of  a  lens  to  bring  all  the  colors  of  the  visible  spectrum 
to  the  same  plane  of  focus.    In  figure  4-10  you  can  see  how  a  lens  that 
is  not  corrected  for  chromatic  aberration  focuses  the  various  colors  of 
the  spectrum  at  different  planes  even  though  they  originate  frcn  the 
same  source.    The  aberration  forms  color  fringes  around  the  image 
points,  which  represent  points  of  the  subject  if  the  subject  reflects 
complex  light. 


BLUE 
VIOLET 


GREEN  ORANGE 


RED 


Figure  4-10.    Chromatic  Aberration 

The  term  "apochromat"  is  applied  to  a  Irns  which  is  corrected  for 
three  colors.    Generally  apochromatlc  Jens  are  used  by  photoengravers 
and  copy  personnel  working  with  color  neparation  and  similar  work. 

ASTIGMATISM.    The  aberration  in  a  lens  that:  is  characterized  by  its 
lability  to  bring  together  at  a  conon  plane  of  focus  bo^th  horisontal 
and  vertical  lines  is  known  as  astigmatira.    This  aberratipn  is  especially 
noticeable  at^the  outer  edges  of  the  image.    Figure  4-11  is  a  graphic 
representation  jof  the  problem.    When  the  vertical  lines  are  brought  into 
focus,  the  horizontal  lined  a^e  mit  of  ^ocus.    Conversely,  whmi  hori*-^ 
zontal  lines  are  brought. into  focusi  the  vertical  lines  ie(r^  out  of 
focus.  ^  ^ 
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HOfllZONTAL  LINES  IN  FOCUS 


Figure  4-11.  Astigmatlsc! 

When  a  lens  has  1>een  corrected  for  astlgmatismt  it  is'  given  the 
tens  "anastlgmat/*    Anastigmatic  lenses  are  used  in  copy  i^rk. 

COKA.    The  aberration  caused  by  the  ir«ability  of  a  lens  to  bring  an 
oblique  ray  to  a  cotamon  point  vith  equal  magnification  and  brightness  is 
termed  *'coma."    Light  rays  in  passing  through  a  single  lens  at  an 
oblique  angle  come  to  focus  in  the  same  plane*  but  fall  at  different 
points,  rather  than  being  super imposiMi.    The  ij&age  formed  by  the  r«^r 
which  strikes  nearest  the  benter  of  the  lens  produces  the  smallest, 
brightest  point.    The  rays  sticking  th#  lens  toward  the  edges  produce 
images  which  are  increasingly  larger  and  dimmer.    The  total  effect  is  an 
image  of  a  point  that  is  smallest  at  its  brightest  end  and  grows  larger 
toward  its  dimmest  end.    Because  the  image  of  the  point  tends  to  re- 
s^id)le  that  of  a  comet*  the  aberration  was  named  coma.    You  can  best 
understand  the  appearance  of  this  aberration  by  studying  figure  4-12. 
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Figure  <»-12.  Com.i 

SPHERICAL  ABERRATION.    Spherical  aberruiion  occurs  when  light  rays 
that  enter  the  outer  portions  of  a  lens  fall  to  reach  the  same  focal 
point  as  those  entering  the  center  of  the  h  nn.    You  can  understand  thl* 
problem  better  if  you  study  figure  4-1).    Tliis  probleia  can  be  partially 
overcome  by  stopping -down  the  apertun  ,  but  Ideally  the  lens  should  be 
constructed  to  contain  the  elements  nccessaty  to  pre>^nt  Its  occurring. 


Flgurt-  4-13,    Spherical  Aberration 
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PiAKE.    Tht^re  are  two  genural  types  of  flare:    mechanical  and 
optical,    Mtfchanlcal  flare  la  the  tarm  given  to  the  flare  caused  by 
reflectloriB  that  occur  because  of  reflective  surfaces  on  the  Inner  side 
of  the  lens  barrel,  the  camera,  or  anywhere  else  near  the  lens.  Nortnally 
mechanical  flare  in  not  an  inherent  characteristic  of  the  lens,  but  It 
iH  a  renult  of  «i  damaged  ox  burnished  surface.    Such  flare  can  be 
eliminated  by  coating  the  dnmaged  Hurface  with  a  nonref lective  coating. 

Optical  flare  Is  the  ti^rm  given  to  flare  that  results  from  internal 
reflections  from  the  glass*-!  o-air  surfaces  of  the  lens  Itself*  Optical 
tiare  is  not  really  classified  as  an  aberration,  and  it  is  present,  to 
Home  extent,  in  any  lens  that  has  more  than  one  element.    A  technique, 
known  as  coating,  minlmizeH  this  problem.    The  various  elements  of  the 
li^ns  are  coated  with  a  matei  lal  tliat  helps  reduce  Internal  reflections. 
In  addition  to  redutilng  the  Inienml  reflections,  coating  a  lens  also' 
increases  the  lens  transmiSHlon.    Because  the  front  surface  of  the  lens 
is  also  coated,  one  must  be  very  rareful  in  cleaning  the  lens,  since  too 
vigorous  rubbing  can  remove  thi>  coating. 

QUESTIONS 

00  NOl'  WRITK  IN  THIS  STUDY  CU IDE/WORKBOOK .    USE  A  SEPARATE  SHEET  OF 
HAPER. 


,    1.  Wliat  is  light? 

2*  Huw  fast  does  light  travel? 

3.  Define  wavelength. 

4.  Define  frequency. 

5.  Wliat  is    he  produrt  of  wavelength  and  frequency? 

6.  Compare  the  speed  i3f  ll^ht  in  glass  with  the  speed  In  air. 
7*  Wliat  is  the  erectromagnetic  spectrum? 

8.  The  visible  radiation  ranges  from  approximately  y\\at  frequency 
to  what  frequency? 

9 4    Why  are  lenses  coated? 

10.  f)t'flne  reflection. 

\ 

11.  ObjectH  appear  as  specific  color  because  of  their  powers  of 

and 


12.    Define  refraction* 

SW  {:JAflR2J330  001-1-4 

\ 

13 


\ 


ERIC 


73 


13.  The  separation  of  white  light  Into  several  colorn  Ib  the 
result  of   . 

14.  Describe  a  positive  lens. 

15.  Define  focal  lenRth. 

lf>.  What  two  factors  are  directly  related  to  focal  length? 

17.  How  is  lens  speed  detentilned? 

18.  How  is  a  nortoal  lens  for  a  catnera  detenained? 

19.  The  tena   describes  the  inability  of  i\  lenR  to  bring 

all  the  colors  of  the  visible  spectriuo  to  the  same  plane  of  focus. 

20.  Describe  astlgmatlsia. 

21.  Describe  coma. 

22.  List  the  tvo  types  of  flare. 

23.  What  causes  mechanical  flare? 

24.  What  effect  does  coating  the  li-ns  hn\/c  on  the  lens? 
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PHOCEOURKS 


I.      Identity  tlif  following  lens  shapes.     State  if  they  converge  or 
diverge  the  light  waves. 


11 
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2.  Match  the  foUowinrt  terms  with  its  proper  definition 
1 .  Trandtnisslon 


2.  Reflection 

3.  AbHorptlun 

4.  Refract ion 

5.  Dispersion 


a.  The  angular  spread  of  light  rays  by  a 
prlstn. 

b.  When  light  is  neither  transmitted  nor 
reflected. 

c.  The  casting  back,  or  Che  change  in  direction, 
of  light  after  striking  a  surface. 

d.  The  bending  of  a  light  ray. 

e.  The  passing  of  light  through  a  medium. 
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EXPOSURE  THEORY  At©  FILM  CHARACTERISTICS 

OBJECTIVES 

Explain  the  principle  parts  of  a  camera. 

Define  the  majc^r  charai  ceriatica  of  photographic  film. 

Provide  a  JSnm  camera  und  film,  photograph  several  scenes  as 
directed  by  your  Instructor. 

INTRODUCTION 

The  term  "photography"  is  derived  troiu  two  Greek  words  meaning 
light  (phos)  and  writing  (graphein).     Light  is  the  essential  element  in 
photography  for  It  pusBessen  two  properties  that  combine  to  create  a 
permanent  image,     llie  first  is  that  light,  when  passed  through  a  lens 
and  focused  on  some  field,  Huch  as  paper  or  glass,  can  produce  an  image. 
The  second  Is  the  ability  ul   llghi  to  physically  alter  some  materials. 
The  first  property  was  discussed  in  the  previous  study  guide.  The 
second  property  of  light  ami  how  it  is  used  to  produce  an  exposure  on 
sensitized  materials  is  the  subject  of  this  study  guide.     The  discussion 
also  concerns  the  basic  camera;  the  tool  used  with  light  to  make  photo-- 
graphic  exposures. 

INFORMATION 

Th»£  CAMERA 

No  one  knows  when  man  1  irst  i-onstructed  a  device  that  w .luld  project 
Images  of  light.    An  old  legend  tells  of  a  certain  ^rab  wl  )   iwoke  one 
morning  to  find  a  vision  on  the  wall  of  his  tent.    Alter  his  first 
astonishment  had  passed,  lie  realised  that  his  "vision'*  was  actually  an 
Inverted  image  of  a  group  of  people  outside.    A  tiny  hole  in  the  opposite 
wall  of  the  tent  had  acted  as  a  crude  lens.     This  phenomena  was  later 
called  "camera  obscura." 

This  principle  was  exploited  during  the  Renaissance  a*;  a  men  is  to 
achieve  correct  perspective  in  painting.     It  was  not  until  later  in  tht- 
lath  century  that  this  principle  wab  used  to  record  images  on  glass. 

Despite  striking  differences  in  physical  appearance,  all  cameras 
are  fundamentally  the  same.    The  camera  consist^  of  a  light  tight  box 
with  a  hole  at  one  end  and  light  nansitive  material  at  the  other.  The 
hole  or  aperture  admits  light  into  the  box.     The  light  sensitive  film 
receives  the  light  and  records  an  image  in  response  to  it. 
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Every  caiiie?at  hovever  inexpensive  or  costly,  is  equipped  vith  five 
basic  features:    the  body,  the  lens,  thr  viewing  systeia,  the  focusing 
systen,  and  the  shutter.    Differences  between  one  model  and  the  next 
depend  upon  the  relative  simplicity  or  sophistication  of  these  ff'atures. 

Body 

The  body  of  the  camera  Is  a  light-tight  box.     Its  major  function  Is 
to        !   Up,ht  from  striking  the  sensitized  material  when  the  shutter  is 
closed.     The  btxiy  also  houses  the  lens,  the  mechanical  and  electrical 
operating  devices  of  the  camera. 

Lens 

Tlie  lens  gathers  the  light  rays  reflected  from  the  scene  being 
photographed  and  projects  them  onto  the  film  Hurface.     A  ramera,  what- 
ever the  quality  of  Its  other  features,  Is  only  as  good  as  Its  picture- 
taking  lens.     No  other  aspect  can  be  considered  so  import^int  as  the 
lens.    A  good  lens  Is  capable  of  producing  sharpness  and  accuracy  in  the 
image  projected  upon  the  film.    T\\e  lens  consists  of  several  layers  of 
different  kinds  of  optical  glass.    All  are  ground  to  extremely  fine 
tolerances  and  combined  to  adjust  smoothly  for  exact  focuSp     Lenses  were 
discussed  In  study  guide  4.     Tt  may  be  benefirial  to  review  that  section 
of  the  study  guide. 

Viewing  Systen 

The  v  ^,  i.ng  system  normally  consists  of  a  lens  that  permits  viewing 
the  scene  the  camera  will  record  on  film.     Early  box  cameras  did  not 
have  a  special  viewing  system.     Instead,  the  Instrument  was  held  at 
waist  level  and  pointed.     This  method  was  quite  Inadequate.     A  view- 
finder  was  then  devised  and  fitted  to  later  cameras*     A  vlewflnder 
permits  one  to  look  through  the  camera  and  see  the  approximate  area  it 
will  record.    Tliis  arrangement  is  perfectly  adequate  for  the  ordinary 
snapshot,  and  the  viewfinder  is  still  used  on  some  inexpensive  rami»ra8» 
However,  the  viewfinder  has  one  major  drawback — parallax • 

ParaJ lax  Is  a  defect  inherent  in  the  viewfinder  that  prevents  it 
from  revealing  with  accuracy  the  area  actually  recorded  by  the  camera. 
This  discrepancy  occurs  because  the  viewfinder  and  the  lens  do  noc  sight 
from  the  same  position.    Usually,  the  vlt>wfinder  is  located  slightly 
higher  than  the  lens  and  off  to  one  side.    See  figure  5-1, 


SI 
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Figure  5-1,     Camera  Using  an  Optical  Viewing  and/ Focusing  System 

Parallax  can  be  eliminated  with  the  use  of  a  single  lens  reflex 
camera  that  has  through-the-^lens  viewing.    This  camera  uses  a  system 
mirrors  and  prisms  which  enables  the  photographer  to  see  exactly  what 
the  len^  will  record.'    See  figure  5-2 • 
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Figure  5-2.     Princlplea  of  Typical  Single  I^ns  Reflex  Cameras 
Focusing  System 

The  focusing  system  works  inechanlcal ly  to  move  the  lens  closer  to 
or  farther  away  from  the  film.     This  makes  the  Image  shnrp  ..r  hlurved  as 
it  strikes  the  film  surface.     Not  all  cameras  have  a  built   In  mechanism 
for  making  this  adjustment.     Karly  box  cameras  and  some  contemporary 
irfodels  are  designed  to  produce  a  relatlvt'ly  sharp  Image  an  long  as  the  - 
subject  is  at  least  six  feet  away. 

To  achieve  really  sharp  photographs,  it  is  essential  to  have  some 
dependable  means  for  relating  the  distance  between  camera  and  subject  to 
the  distance  between  lens  and  film.     Two  principle  focusing  devices  have 
been  developed  for  accomplishing  this  end:     tho  rangeflnder  and  the 
ground-glass  viewing  screen. 

RANGEFINfDER.     The  rangeflnder  is  an  optic,»l-oechanlcal  focusing 
device  that  produces  in  the  vlewflnder  a  doubl*-  image  of  the  subject  to 
he  photographed.    When  the  two  images  coJncfde  exactly,  the  camera  Is  In 
locus. 

GROUT«>-GLASS  VIEWING  SCREEN.    An  older  device  for  focusing  the 
castra  Is  the  ground-glass  viewing  screen.     In  this  system,  light  re- 
flected from  the  subject  passes  through  the  camera  lenji  and  projects 
onto  a  piece  of  ground  glass.    This  produces  an  image  that  can  be  vl<?wed. 
Thus,  you  see  what  the  lens  "sees."    You  can  bring  the.  lm.jRe  into  focus 
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Uv  wrtUttliiK  H  an  t\iv  t^tflieil  ^^latiu  Bcreen  att  the  lenK*  fucualng  wfiMiau- 
Ibq)  is  fuanipuliiied. 

Shutter 

The  Bhutter  and  the  aperturu  of  the  lens  controls  the  amount  of 
light  that  reaches  the  film.    By  adjusting  these  Wichanlsms,  the  ex- 
posure of  the  film  1h  varied  according  to  the  requirements  of  the 
subjects. 

Many  kinds  of  nhuttern  have  been  developed,  but  today  most-  cameras 
employ  either  the  leaf  shutter  or  the  focal  plane  shutter - 

WIAF  SHUTIER.    The  le.if  shutter  is  also  called  a  between- the-lens 
shutter,  because  It  Is  located  between  the  lens  elements.    This  device 
consists  of  a  neries  of  tiny  metal  blades  which,  when  closed,  overlap  to 
prevent  light  from  entering  the  camera^    See  figure  5-3.    The  opening 
and  closing  of  the  blades  are  controlled  by  a  gear  and  a  spring  mechan- 
ism*   For  the  shutter  to  open,  the  spring  must  be  cocked  and  subse- 
quently tripped  by  the  shutter  release  button.     Some  cameras  cock  the 
spring  automatically.    Otht-rs  require  that  it  be  done  manually. 

FOCAL  PIANE  SHUTTERS.     The  local  plane  shutter  operates  near  the 
focal  plane  of  the  camera — directly  In  front  of  the  film.     Tills  type  of 
shutter  consists  of  an  opsifue  curtain  with  a  slit.    A  spring  mechanism 
pulls  the  slit  past  the  film.     In  doing  so.  It  exposes  the  film  to 
light,         combining  a  wide  slit  with  a  low  spring  tenslort,  a  long 
exposure  is  produced,    A  narrow  slit  and  a  high  spring  tension  produces 
a  short  exposure.    A  wide  range  of  shutter  speeds  are  therefore  avail- 
able.   See  figure 

rHOTOGKAPHlC  FILMS 

When  the  nhulter  operates,  it  allows  light  to  strike  the  film.  The 
film  records  the  scene  as  the  liv.ht  strikes  it.    All  conventional 
photographic  films  are  miadc  up  ;ot  several  layert      Each  layer  Is  made  of 
A  given  material  to  serve  a  specific  function.    The  following  paragraphs 
describe  the  functions  of  i;ach  luyer.     See  figure  5-5. 

Film  Structure  ' 

OVERCOATINO.     Hie  overcoating  is  a  gelatin  layer  which  prote^:ts  the 
emulsion  beneath  it  during  normal  handling.     Without  this  protective 
overcoating,  the  mere  act  uf  placing  films  on  top  of  one  another  would 
be  sufficient  to  cause  minor  Hcratches  and  abrifsions  which  show  up  after 
processing. 

EMULSION  COATING.    Tlie  emulsion  is  the  light-sensitive  layer  con-- 
slstlng  of  millions  of  microscopic  silver  halide  particles  suspended  in 
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Figure  5-^4,  x^Fucal  Plane  Shutter  Principle 
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Figure  5-5.    Cross-Section  of  Film  Structure 

gelatin*    The  emulsion  characteristics  are  determined  by  the  kind  and 
coiablnation  of  silver  halides,  the  size  Oi.  the  silver  halides*  and  how 
evenly  distributed  they  are  in  the  gelatin*    Mbq  the  addition  of  dyes 
and  other  chemicals  along  with  the  quality  of  the  gelatin  itself  effect 
emulsion  characteristics. 

SUBSnATUM  COATING.    The  gelatin  ^iJhtdinini  th«  light-sensitive 
particles  does  not  adhere  to  the  base  without  a  bonding  material.  A 
coating  spread  over  the  base  provides  the  bond  between  the  base  and  the 
emulsion.    The  bonding  coat  is  a  very  exact  formula  contisting  of  a 
cellulose  acetate  solvent,  gelatin  and  gelatin  solvent. 

FILM  J^ASE.     At  one  time  the  only  support  umed  for  negative  emul- 
sions was  glass*    These  glass  plates  were  heavy,  bulky  and  easily 
broken.    Eventually,  research  proved  cellulose  nitrate  was  suitable  as 
a  base  material  for  the  emulsion.    It  was  light  weighty  chemically 
Iner^  transparent  when  free  from  ImpurltieM  and  flexible-    However,  it 
was  extremely  flammable.    It  would  burn  with  almost  explosive  force. 
Present  film  design  now  gives  fire-resistant  plastic      se  materials  with 
great  resistance  to  shrinking  and  tearing.    3ome  of  the  more  common  film 
bases  used  today  are  nadc  of  cellulose  acet/ite  or  cellulose  trl-acetate. 

ANTIHALATION  BACKING.    The  antlhalatlon  lacking  is  usua^y  a  layer 
of  dyed  gelatin  on  the  back  side  of  the  film,    "fhls  backing  serves  two 
purposes*.  One  of  these  is  countering  the  curling  tendencies  of  the  film 
due  to  the  contracting  of  the  emilsion  layer  when  it  seta  and  dries. 
The  other  purpose  is  to  absorb  as  nsuch  light  a«  possible  which  goes 
through  the  film  daring  the  exposure.    This  light  would  otherwise  be 
reflected  back  Into  ^k^emulslon  layer  causing  a  halo  around  brilliant 
highlights •    Such  unwanted  effects  are  called  halation. 
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ttlack-«n4 -White  E^ulalon  Charactiiristica 

The  photographic  enuXslon  (or  llght-tjensitivti  layer)  is  a  result  oT 
many  yeare  experimentation  and  research.    There  are  very  few  light- 
senaltlve  WbstahRg^  which  will  respond  proportionately  to  light  inten- 
sities in  the  same  manner  and  effectiveness  as  the  silver  halide  crys- 
tals.   Although  you  are  unable  to  detect  'this  response  to  light  until 
after  development  of  th«  film  or  paper,  the  change  caused, by  the  action 
of  light  on  the  silver  halide  crystals,  which  forms  the  latent  Image, 
will  remain  relatively,  stable  ft>r  a  given^time  before  the  iiQ^e  is 
processed  and  made  visible.     (It  is  to  process  the  film  as  soon  as 

possible  after  exposure.)  With  many  o%l|«y  light-sensitive  substances, 
the  reaction  or  change  caused  by  light  disappears  as  soon  as  the  light 
i£  reuKJVed.  •  ' 

The  action  of  light  un  thft  silver  halide  crystals  also  is  ptogres- 
aive.    Thfs  means  that  with  (prolonged  exposure  to  light,  you  can  see  a 
darkening  of  the  emulsion  layer  (without  processing)  due  to  the  physical- 
release  of  metallic  silver  within  the  silver  halide  crystals. 

SILVER  HALIDES.    Tliere  are  three  silver  halides  which  are  used, 
either  separately  or  in  combination,  for  most  of  the  sensitized  photo- 
graphic Eater lals  on  the  market  today.    They  are  silver  iodide,  silver 
chloride,  and  nilver^  bromide.        r  ' 

1.      Silver  Iodide  is  seldom  used  by  Itself,  due  to  its  extremely 
alow  response  to  light.    However  when  It  Is  added  to  silver  bromide  in 
small  quantities  (from  three  to  five  percent),  it  increases  the  "speed" 
or  response  oi  the  silver  bromide  to  light.    This  combination  of  silver 
bromide  and  silver  iodide  therefore,  is  used  In  many  film  emulsions. 

'2.      Silver  chloride  is  used  by  itself  for  making  contact  paper 
emulsions .  '  ■ 

3.      Silver  bromide  is  the  fastest  of  the  silver  halldea,  Ind  its 
responwe  to  light, Is  Increased  even  nmre  by  the  addition  of  a  small 
quaht^lty  of  sliver  Iodide.    Therefore,  thi^^lver  bromide- Iodic! combi- 
nation Ik  used  for  fast  *f ilm  emulsions.    Silver  bromide  by  Itself  is 
u^ed*ln  Home  of  the  slower  film  emulsions. 

'  •  Tivese  three  si Iveri  halides,  silver  iodide,  silver  chloride  and 
aiive/ "bi;omide  are  controlling  fticcors  in  the  formation  of  other  enui  .-^ 
alofl  characteristics.    The  nix  remaining  emulsion  characteristics  are; 
color  Hensltlvlty,  contr*'at,  light  sensitivity,  grain,  resolving  power, 
and  accutance.  ^ 

^  COLOK  StNSrnvl^Cy.    visible  light  which  appears  white,  is  a  mixture 
.ot  Che  primary  colWs  red,  blue  and  green.    When  photographic  emulsions 
were  first  made,  th\  silver  halides  used  were  sensitive  qni^f^  blue 
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ll^ht  and  somewhat  to  Invlilble  ultraviolet  radiation.    These  fllu  me 
affected  only  by  th^  blue  portion  of  light.    Thus,  the  bluea  in  a  scene 
were  reproduced  too  light  and  the  other  colors  ware  reproduced  too  dark. 

4 

The  blue  sensitive  emulsions  were  also  slow.    Refer  to  figure  5-6 
for  the  reason.    This  shoira  how  the  color  senoltlvity  of  typical  ^ilw 
compares  to  the  human  eye.    Blue  senbitlve  film  Is  sensitive  to  about 
one  third  of  the  total  visible  spectrum,  which  accounts  for  its  slow 
speed.    In  other  words,  to  make  a  good  ejcposure  on  this  film,  a  lot  of 


Figure  5-6.    Color  Sensitivity  of  Film 
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light  i^t  iuii^  ei^^o»ure  in  ntsedtsii.    Huwevcsr,  ihiu  iypu  of  tmiultiiun  iu 
useful.    It  iu  ftitiil  aanufaaear«i4  be^auii^  it  yii^ldii  the  high  contrast 
reiiultti  needed  for  copying  black  and  white  line  drivings »  charts*  book 
pagee*  etc, 

Eventuallyt  dyes  were  Mdded  to  blue  senBitivc  eoulsions  to  aenei"* 
tlsa  the  silver  halides  to  green  light  as  well  as  blue  light.    Thi0  filia 
was  naaed  orthochromatic  (true  color)  because  it  wss  believed  that  tht 
ultimate  in  color  sensitivity  was  reached.    The  term  was  incorrect* 
however,  since  the  emulsion  was  not  sensitive  to  red  and  would  not  re- 
produce red  In  the  correct  shade  of  gray.    Ortho  films*  as  they  are 
often  called*  are  made  in  several  speeds  and  variations.    They  are 
excellent  for  many  uses*  provided  that  their  incorrect  rendition  of  red 
Is  consid^.ed  when  the  scene  is  photographed*    Since  they  are  not  sensi^ 
tlve  to  red*  red  light  does  not  (for  practical  purposes)  make  a  latent 
image  on  the  film.    Therefore*  after  processingt  red  objects  afe  rela- 
tively transparent  on  the  negative*    This  means  they  are  quite  dark  on 
the  print. 

As  an  example*  ortho  film  Is  good  for/a  portrait  of  a  man;  but  not 
for  Hphotographlng  a  woman  wearing  makeup.    If  used  for  the  woman*  the 
light  reflecting  from  her  red  lipstick  would  not  expose  the  film  and  her 
lips  would  look  too  dark  (almost  black)  on  the  print. 

Years  after  the  design  of  orthochromatic  film,  additional  dyes  were 
added  to  emulsions  to  make  silver  halides  sensitive  to  red  light  also. 
The  term  ^'panchromatic**  (meaning  all-*color)  was  given  to  this  new  film. 
Panchromatic  films  record  im>st  colors  in  their  relative  tones  or  shades 
of  gray.    Even  though  panchromatic  film  is  sensitive  to  all  colors*  it^' v 
does  not  reproduce  them  In  the  same  tonal  values  seen  by  the  eye.  Of 
the  three  primary  colors,  green  appears  brightest  to  the  eya.  Yet, 
green  photographs  darkest  on  the  majority  of  panchromatic  films.  This 
effect^can  be  modified  to  some  extent  through  the  use  of  photographic 
filters.    Filters  change  the  sensitivity  of  the  film  by  allowing  only 
certrln  portions  of  the  visible  spectrum  to  strike  the  film. 

CONTRAST,    Some  phuLogriiphic  deasitlas  are  black  in  areas,  some  are 
white  (or  transparent)  and  In  between,  there  are  many  shades  of  gray. 
Closely  associated  with  density  Is  the  c^KaraCteristic  known  as  contrast. 
Contrast  is  the  difference  between  the  nigh  and  low  densities. 

A  light  t-ubject  ares  reflects  a  great  amount  of  light*  causiu^^,  u 
heavy  density  In  the  negative,  called  a  highlight.    A  dark  subject  area 
reflects  littfle  light,  resulting  in  a  thin  density  In  th^'  negative, 
called  a  shadow. 

The  subject  brightness  between  these  light  and  dark  areas  also 
registers  as  corresponding  densities,  called  middle  tones.    Normal  con*^ 
trast  is  represented  by  a  full  range  of  dent  t^ea*  including  highlights* 
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■iddle  cones  and  shadows.    High  cootrattt  do««  not  have  m  full  range  of 
densities  and  consists  only  oC  highlights  and  shadowa  with  little  or  no 
intenoediate  graduations.    Low  contrast  has  very  little  difference  in 
densities. 

EmulsionB  are  nanufactured  with  varying  degrees  of  inhermt  con- 
t-iat.    High  contrast  (process)  filffl  is  used  to  record  a  short  range  of 

t.  n  ch  as  bldck  and  white  line  drawings.    Nediua  and  low  contrast 

I  ilios  are  ased  to  record  a  longer  range  of  tones  such  as  night  be  found 
in  a  portrait.  Therefore,  the  selection  of  the  filn  should  be  governed 
by  the  subject  contrast  and  the  desired  rendition. 

Usually,  the  emulsions  which  have  the  slowest  speed  (react  slower 
to  light)  have  the  highest  Inherent  contrast.    Fast  filras  respond  to 
light  much  more  rapidly  than  the  slower  filmw.    This  tends  to  flatten 
out  or  lower  the  contrast  of  these  filras. 

Many  other  factors  influence  the  contrast  of  the  final  result. 
Development  has  an  effect.    So  do  the  lighting  conditions  of  the  original 
scene  and  the  -Contrast  ratio  of  objects  in  the  original  scene.  Normally 
a  contrasty  film  is  not  used  for  a  portrait  or  similar  subject  when  the 
intermediate  tones  must  be  retained.    Conversely,  do  not  use  a  low  con- 
trast film  for  a  reproduction  of  a  black  and  white  line  drawing  where 
the  intermediate  tones  are  undesirable. 

LIGHT  SENSITIVITY.    The  sise  of  the  silver  hslide  crystal  in  a  film 
emulsion  determines  other  major  characteristics  of  that  particular  film. 
Among  them  is  its  light  sensitivity  or  "speed."    The  larger  the  crystals 
are,  the  greater  the  sensitivity  and  vice  versa,  see  figure  5-7.  This 
means  that  a  film  with  high  sensitivity  (a  fast  film)  requires  less 
light  to  produce  an  image  than  one  with  low  sensitivity  (a  slow  film) . 
The  various  speeds  available  to  the  photographer  are  indicated  by  ASA 
numbers  established  by  the  American  National  Standards  Institute. 

The  major  classifications  of  film  speed,  by  average  ASA  ratings 


Slow  films,  about  ASA  32,  which  require  a  highlight  level. 

Med^  films,  about  ASA  125,  which  are  used  In  average  or  normal 
light  siA^atlons. 


Fa^tUllms,  about  ASA  400,  which  are  needed  when  the  light  level  Is 
low  or  when  a  fast  shutter  speed  Is  required  to  stop  action. 

Extra  fast  films,  some  well  above  ASA  800,  are  used  only  when  the 
other  types  of  films  are  too  slow,  under  the  dianest  light  levels  or 
when  the  highest  shutter  speeds  arc  necessary. 


are: 
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Figure  5-7.    Size  of  Silver  Halldes 

GRAIN.     In  aUdltion  to  speed,  the  size  of  the  light  sensitive 
crystals  In  a  film  emulsion  determlnea  th«  nature  of  its  grain,  see 
figure  5-7.    Grain  la  the  texture  quality  of  tones  in  a  print  that  is 
produced  when  «lcroacopic  particles  of  sllvar  ^^"^  , 
processing.    A  fast  film,  though  highly  seneitive  tt^  light,  is  grainier 
and  leas  sharp  than  a  slow,  fine  grain  filo.    When  choosing  the  beat 
film  for  a  particular  aituatlon,  consider  not  only  whether  It  will  give 
satisfactory  exposure  under  the  conditions,  but  also  the  kind  of  image 
It  will  create.    Since  It  la  Unposslble  to  attain  both  laaxloum  speed  and 
the  finest  visual  quality  slmultaneoualy,  photographers  often  compromise 
by  using  a  medium  speed  film. 

'    In  addition  to  the  Inherent  grain  size,  processing  also  has  a  great 
effect  on  the  grain  Hise.    By  using  special  processing  techniques, 
excessive  clumping  of  silver  crystals  can  be  prevented  during  develop- 
ment.   When  the  grain  bacomes  apparent  In  the  Image,  it  is  aald  to  be 
grainy. 

RESOLVING  m^ER.    The  reBolvlns  power  of  a  film  is  Its  ability  to 
distinguish  between  closely  spaced  lines.    A  technique  for  determining 
the  extent  of  this  ability  Is  to  photograph  a  chart  that  consists  ot 
areas  of  parallel  lines.     ITie  distance  between  the  lines  ranges  by 
degreas  from  rather  far  apart  to  very  close.    At  some  point  on  the 
negative,  the  lines  can  no  longer  be  distinguished  as  lines,  but  are 
seen  as  a  tone  of  gray.    Hils  Indicates  the  limit  of  resolving  power  for 
a  particular  film,:  The  resolving  power  is  expressed  in  lines  per 
millimeter  and.  In  general,  the  slowest  films  have  the  highest  resplving 
power .  t 
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ACUTANCE.  Acifcice  dascrlbei  a  flln'f  »h«rpB«n.  It  Is  accurately 
gauged  by  pUclag  a  knife  edge  on  the  f  then  exfMf Ing  and  proceaalag 
It.  The  silhouette  of  the  knife  edge  on  the  negative  is  exaoined  by  a 
microscope.  Because  light  scatters  when  It  strikes  the  sliver  halides 
in  the  eawlsion,  there  ia  always  some  gradation  of  white  to  black  at  the 
boundary  between  bright  and  dark  areas.  The  narrower  this  gradation  is, 
t'l    higher  the  acutance  of  the  filra. 


Emulsions 


INFRARED.    Infrared  fila  is  sensitive  to  the  infrared  region  of  the 
electromagnetic  spectrum  (700  to  900n»  wavelengths)  which  Is  Invisible.^ 
^,?ven  though  infrared  is  invisible  to  the  human  eye,  this  film  can  see 
"^It;  therefore,  an  exposure  can  be  made.  ^ 

Infrared  film  has  many  uses  in  scientific,  investigative  and  aero- 
space photography.    One  outstanding  use  for  this  fUm  is  in  aerial 
reconnaissance  photography.    It  givss  sharp  definition  and  good  tone 
differentiation  of  distant  objacts  under  adverse  climatic  conditions. 
It  penetrates  haze  since  infrared  is  scattered  considerably  less  than 
visible  light.    Additicnally.  the  film  is  useful,  in  docuaent  photo- 
graphy, mlcrophotography  and  in  aany  other  scientific  fields.* 

ULTRAVIOLET  FILM.    All  films  are  sensitive  ^ultraviolet  radla?  / 
tions.    With  normal  and  Infrared  films,  the  ultraviolet  radiations  are  ^ 
eliminated  by  fUters.    With  ultraviolet  film,  the  ultraviolet  radia- 
tions taist  be  allowed  to  reach  the  film  in  order  to  produce  an  expOj^e.^ 
In  most  cases,  photography  using  ultraviolet  is  confined  to  scientific 
work  and  many  of  the  emulsions  are  designed  for  a  specific  purposes^ 

The  most  widely  known  application  of  ultravioletjhotography  is  in  \ 
the  are*  of  detection.    Altered  documents  can  ba  Ideflpfied,  paintings 
can  be  verified,  etc.    This  technique  Is  also  used  In  investlgatly* 
photography,  since  invisible  Ink  and  finger  prints  arc*  readily  detected. 

Aerial  FIIjb  classification 

There  arc  several  methods  0f  classifying  films.    You  J*^-' 
probably  will  hear  such  classifications  as  Type  V  Class  L  film  °^  Class 
A  film.  Class  K  film.  etc.    These  designations  come  from  . 
flcatlin  L-F-330.  dated  December  17,  1936.  amended  April  20,  19«.  Most 
siuJ^tograpS;  film  Is  designated  this  way.    However.  F^ral  Standard 
170a.  dated  March  31,  1967.  specified  a  new  de«i8«»^9J, 
Federal  agencies  In  its  application  to  the  purchasj^f  *"*'^.!iTiA.r^h 
Slltary  Specification  MIL-F-32F.  dated  22  March  1965.  a^^^  2 
1967.  uses  the  same  designator  system  as  Federal  Standard  170a.  Mt-F- 
32F  is  mandatory  for  use  by  all  depsrta^ts  and  agencies  of  the 
^nt  of  Defense'    This  specification  covers  the  f  J*^'  J^?"^^^^:, 
bUck^and-whlte  photographic  film  for  use  in.  and  duplication  of.  aerial 

photography. 
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In  Che  designator  aysteiSi  outlined  by  these  two  docuaenta,  all 
fllnw  aold  to  the  P«4eral  Government  through  GSA  (General  Services 
Administration)  are  claaslClad  according  to:    (1)  product,  (2)  type  of 
material,  (3)  base  matsrial,  (4)  base  thickness,  (5)  spectral  sensi- 
tivity, (6)  gaona  range,  and  (7)  relative  sensitivity.    The  designator 
is  written  in  the  foroat  of  XX-XX-XXX.    An  explanation  of  each  digit 
follows: 

1.  The  first  digit  riifers  to  the  product  relative  to  its  use. 
All  aerial  film  has  the  numb».r  j»ne  as  Its  first  digit. 

2.  The  secowJ  digit  ref»       :o  the  type  of  material.    Most  aerial 
film  will  be  either  1  negative,  _  4  duplicating.    5  is  never  used  as 
aerial  film,  and  2  is  seldon  usea.. 

t 

3.  The  third  digit  refers  to  base  type  of  material. 

4.  The  fourth  digit  refers  to  the  thickness  of  the  material. 

5.  The  fifth  digit  rafers  to  the  spectral  sensitivity;  that  is, 
whether  It  is  blue  sensitive,  orthochromatlc,  panchromatic,  infrared, 
etc.  . 

6.  The  sixth  digit  refers  to  the  gamma  range  obtained  when  this 
film  is  processed  in  accordance  with  applicable  specifications. 

7.  The  last  digit  is  actually  a  lower  case  letter  which  refers  to 
the  relative  sensitivity  obtained  when  using  the  appropriate  method  and 
processing  standard  from  the  specification.    This  relative  sensitivity 
does  not  bear  a  relationship  to  the  manufacturer's  published  exposure 
Index  number  or  any  other  established  film  speed  methods. 

Figure  5-8  gives  a  complete  listing  of  each  designator  and  all 
possible  values  for  each. 

One  purpose  of  using  the  designator  system  is  to  enable  manufac- 
turers to  produce  a  film  meeting  a  certain  specification.    Therefore,  if 
, Kodak,  DuPont,  and  GAF  all  produced  a  film  having  the  same  designator 
number,  a  laboratory  could  use  them  interchangeably.    In  fact,  most 
procurement  of  films  is  now  based  on  designator  numbers  exclusively. 

Some  of  the  more  cooroon  films  you  will  use  in  this  career  field  and 
their  designators  are: 
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30 
C 
PI 

SI* 

0  » 

OX 

1  n 
I  r» 

o 
s 

^< 

QO 


Prnducl 
D  ^ 


1  Aerial  film 


2  Motion 
|iiclurr  film 

3  Roll  and 
film  pack 

i  Shrr!  film 


5  Photo 
mechanical 

6  Mil  rofilm 


FILM  CLASSIFICATION  SYSTEM 
Detlpnalor  U    —    25„  — „  2*«^ 


Type 


Stpport 

b  ^ 


Total 
thickness 


Spectral 
ften»ttivity 


Gamma 


9S 


I  Negative 


2  Positive 
film 

3  Reversal 


\  Duplirating 


5  Sound 
recording 


1  Cellulose- 
ester  regular 

2  Ceilulufe 
r^ler  low 
shrink 

3  S>nlheli€ 
resin 

I  Po!v$!%fene 
ivpe 

5  stripping 
base 


1  1,0 
I/) 

2  2.U 

3  3.*^ 

3.1 

4  5  2 
6.5 

5  66 

a.2 

6  83 
10.0 

7  lO.l 
12.0 

0  Other 


1  Extended  ultra- 
violet 

2  Blue  sensitive 

3  Orthochromafic 

^  High  jrrepn 
3  Panchromjlir 


6  Panchrcmalk 
extended  red 


7  Infrared 


1  a  10 

2  n.Sl 

3  1.01 
1  50 

i  LSI 
1.00 

1  3,Ci 
3.00 

6  3.ni 
Abo^e 

0  rather 


Relative 
sensitiul) 


a — 
b— 


OSir- 


e  — 


1.5  1 

3  ^ 

i, 

6  -j 

-  .i 


25  — - 
„_    50  1 

h_  100  — 
200— ^ 
|(V»  — 


■1600 


r  , 
II 

2.1 
2.2 
4.2 
4.3 
8^ 
8.6 
IT 
18 
IS 
36 
71 
72 
140 
-  141 
_280 
-281 
_570 
-S71 
_U0O 

-noi 

_2300 


r-230i 

"L4500 


QO 
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Dealnnator  Number  Manufacturer's  Name  and  Nwaber 


14- 

.33- 

.23d 

Kodak  Atsrographic  Duplicating  Film 

2420 

14-33- 

"23d 

IwOadK  AerQgrapn).C  uupxxcatxng  rxini 

2427 

14- 

-33- 

•23c 

DuPont  Cronar  Aerial  Duping  Fll© 

228R 

14- 

-24- 

.24d 

Kodak  Aerographic  Duplicating  Film 

5427 

1  A. 

-234 

KcNiak  A«rographic  IHipllcatlng  Film 

4427 

1  A. 

*  J  J* 

-24a 

Kodak  Fine  Grain  Aerial  Duping  Film 

2430 

1  4p 

*14- 

-24d 

Kodak  Aerial  Recon  Duping  Film 

8427 

14- 

-32- 

>23d 

Kodak  Aerographic  Duplicating  Film 

SO-122 

11- 

-33- 

-641 

Kodak  Plus-x  Aerographic  Film 

2401 

11- 

-33- 

-641 

Kodak  Flux-x  Aerographic  Film 

2402 

11- 

-33- 

•6%k 

Kodak  Trl-x  Aerographic  Film 

2403 

11- 

*33" 

-631 

Kodak  Double-x  Aerographic  Film 

2405 

11- 

-32- 

'64g 

Kodak  Panatomlc-x  Aerial  Film 

3400 

11- 

-32- 

-641 

Kodak  Plus'-x  Aerial  Film 

3401 

11- 

-32- 

.64d 

Kodak  High  Definition  Aerial  Film 

3404 

11- 

-24- 

-74o 

Kodak  Infrarad  Aerographic  Film 

5424 

11- 

-14- 

.641 

Kodak  PluB-x  Aerocon  Film 

840X 

11- 

-12- 

-641 

Kodak  Plus'-x  Aerocon  Film  (thin  base) 

8402 

Storage  and  Handling  of  Sensitized  Materials 

PhotosenBltized  materials  deteriorate  rapidly  when  exposed  to  very 
high  temperatures  (even  for  short  periods  of  time)  or  when  exposed  to 
extremely  high  relative  humidities  or  to  radioactivity •    As  a  result 
there  may  be  a  loss  of  light  sensltlvltyg  a  change  (usually  a  loss)  in 
contrast loss  of  enmlslon  speed*  an  Increase  in  fog  leviel,  or  varying 
degrees  o#all  four  conditions  may  be  present.    The  two  prim  factors 
which  affect  deterioration  are  heat  and  humidity. 

The  effects  of  moisture  can  be  controlled  by  the  use  of  vapor- 
resistant  packaging 9  deslccants»  or  humidity  controlled  environments. 
The  effects  of  heat  can  be  mlnlmtased  by  proper  control  of  temperature 
during  storage.    AFM  67-9,  Storage  Manual,  lists  the  procedures  for 
storing  photographic  film,  paper,  and  chemicals*    The  following  infor- 
mation baa  been  extracted  from  AFM  67-9,  paragraph  5-12. 

o       The  required  relative  humidity  for  sensitized  materials  ranges 
from  30  percent  to  60  percent  with  50  percent  considered  ideal.    A  con- 
stant relative  humidity  level  shall  be  maintained. 

o       Photosensitive  materials  shsll  be  stored  at  t^iperatures  of 
50*F  (lO^C)  or  lower.    Constant  temperature  shall  be  maintained. 

o       Photosensitive  materials  will  be  protected  from  harmful  gasses. 
High  concentrations  of  formaldehyde,  hydrogen  sulfide  (sewer  gas)» 
amponia,  mercury  vapor,  etc.,  can  damage  photographic  emulsions* 
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o      Adequate  thickness  of  lead  or  other  shielding  material  will  be 
used  to  protect  sensitized  materials  from  X^^rays;  radioactive  and 
atomic  fission  radiation  if  present. 

o       Faotosensltive  materials  shall  be  issued  according  to  the 
expiration  date  shown  on  the  package*    Earliest  expiration  date  material 
is  used  first.    H  the  material  has  been  properly  stored*  upon  reaching 
the  •  xplration  date,  the  e>cpiration  date  can  be  automatically  extended 

a^r  '  •'!;•  *:o  the  following  table: 


Material  Type 

Stateside 

Overseas 

Black-&-Whlte  Films 

12  months 

6  months 

Graded  Paper 

12  months 

6  months 

Variable  Contrast  Paper 

12  months 

6  months 

Color  Film 

6  months 

0  months 

Infrared  Film 

6  months 

0  months 

Camouflage  Detection 

Film 

6  months 

0  months 

Polaroid  Materials  No  extension  permitted 

When  the  new  expiration  data  is  reached,  the  material  should  not  be 
used  until  it  is  tested.    The  material  should  meet  standards  established 
by  TO  10J-l-4p  Storage*  Issue p  and  Shipment  of  Film»  Paper  and  Chemicals. 
If  the  material  does  not  meet  the  required  standards*  action  must  be 
taken  to  dispose  of  it.    Should  the  material  meet  the  standards t  the 
expiration  date  can  be  extended  up  to  12  months. 

If  a  lab  has  adequate  testing  facilities  it  will  be  responsible  for 
testing  supplies  stored  at  the  base.    If  the  testing  capability  is  not 
present,  the  responsibility  shifts  to  the  command.    Because  of  the  cost 
involved  in  testing,  evaluation  is  usually  restricted  to  emulsion 
batches,  on  a  sampling  basis. 

TO  lOJ-1-4  lists  the  various  types  of  tests  that  can  be  used  to 
determine  the  usability  of  outdated  materials.    Refer  to  this  TO  if 
required  to  evaluate  expired  materials. 

PHOTOGRAPHIC  EXPOSURE 

One  can  have  the  best  camera*  the  finest  lensy  the  greatest  tUm 
and  total  control  of  the  lighting,  but  without  proper  exiK>sure  one  still 
will  not  have  a  good  photograph.    One  must  be  able  to  control  the  aSKmnt 
of  light  reaching  the  film  and  the  amount  of  tis^  it  eicposes  the  film. 
Without  this  control,  results  would  be  haphazard  at  best,  if  not  totally 
useless. 

10! 
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Exjioiturs  Theory 

Accurate  exposure  la  esawitlal  if  negatives  are  to  record  faith- 
fully the  wide  range  of  tones  In  a  scene.  About  fifty  basic  and  dis- 
tinct tones  of  gray  can  be  reader «d  in  a  photograph,  but  the  range  of 
tonea  in  nature  far  exceeds  this.  For  every  photograph,  then,  a  choice 
must  be  nade  between  tonea  to  be  neglected  and  tones  to  be  enphasized. 
How  veil  the  choice  la  represented  In  the  final  print  depends  largely 
upon  how  the  negative  has  been  exposed. 

The  term  "exposure"  means  the  amount  of  light  which  i**  permitted  to 
act  upon  a  photographic  emulsion.    A  light  of  high  intensity  may 
permitted  to  act  for  a  short  time,  or  one  of  lesser  Intensity  for  a 
greater  time.    Both  exiKiaures  produce  the  same  photographic  effect  on 
the  film.    The  exposure  formula  which  applies  to  most  practical  work  Is: 

Exposure  •*  Intensity  x  Time  (E  •  I  x  T) 

Intensity  in  this  case  refers  to  the  brightness  of  the  image  on  the 
film.    This  intensity  depends  on  the  lens  aperture  in  conjunction  with 
the  light  reflected  from  the  subject.    Time  Is  the  Interval  during  which 
the  shutter  remains  open  to  permit  light  to  reach  the  film. 

For  example,  three  different  exposures  of  one  scene  were  made.  The 
first  exposure  is  a  product  of  a  shutter  speed  of  1/125  second  and  a 
lens  aperture  of  f/11.    The  second  la  1/60  second  at  f/16  and  the  third 
Is  1/250  at  f/8.    All  three  were  developed  exactly  alike.    All  the 
negatives,  will  have  the  san^t  equivalent  amount  of  exposure.    In  this 
demonstration,  the  exposure  (E)  has  remained  constant  while  both  inten- 
sity (I)  and  time  (T)  have  varied.    When  the  Intensity  was  reduced,  tue 
time  was  Increased  to  keep  the  exposure  constant. 

Thus,  the  liva  aperture  works  with  the  shutter  to  control  the 
exposure.    T^e  exposure  formula  could  be  rewritten  as: 

Exyosare  -  Lens  Aperture  times  Shutter  Speed 

Here  the  lens  aperture  relates  to  the  intensity  and  the  shutter 
spaed  to  the  time  needed  to  produce  the  exposure. 

It  was  stated  that  the  three  example  exposures  were  equivalent, 

'i'hla  formula  can  be  us«l  for  these  or  any  given  exposures.    As  the 

shutter  speed  changes  so  must  the  f/stop.  However,  thle  must  be  done 
accordlag  to  the  formula. 

Each  f/stop  Changes  the  intensity  of  the  light  by  a  factor  of  two 
from  the  f/stops  on  either  side  of  it.    Changing  the  f/stop  from  f/8  to 
f/5.6  will  double  the  Intensity  of  the  light  striking  the  film.  Chang- 
ing the  f/stop  from  f/ll  to  f/16  will  cut  the  intensity  in  half.  The 
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sane  reXatlotouship  Is  true  with  shuttar  up«eds.    Each  sfnitter  sp««d 
changes  the  length  of  exposure  by  a  factor  of  two  fro«  the  '.peeda  on 
either  side  of  It.    Changing  the  abutter  apaad  froa  1/60  of  a  eacood  to 
1/30  wUl  doable  the  tiac  the  light  atrikes  tha  fils.    Oianging  froa 

1/125  to  1/250  vUl  half  the  time. 

Because  of  thist  f/atopa  or  shutter  speeds  can  ba  changed  in  order 
to  rntch  the  aceae  being  photographed — to  stop  ^tion,  blurr  action, 
Int     '       r  decrease  depth  of  field. 

Exposure  and  Film 

To  record  an  image,  insert  a  piece  of  photographic  iMterial  into 
the  back  of  the  camera.    The  image  is  recorded  during  th«  time  the 
shutter  is  open.    No  matter  hoy  the  light-aenaitive  naterial  is  altered 
under  the  influence  of  the  light  falling  on  it,  aaauiK  that  there  is  one 
correct  eKposure  giving  the  best  results.    Underexposure  means  that  only 
the  brightest  parts  of  the  subject  are  recorded,  if .  at  all.    The  ftoount 
of  light  reflected  from  the  darker  parts  of  the  subject  ia  too  wmk  to 
effect  the  senstive  taaterial.    Overexposure  neana  that  the  brighter 
parts  of  the  subject  will  appear  the  same — the  light  sensitive  eaulaion 
being  Incapable  of  separating  or  grading  the  bright  tones  of  the  subject. 

A  negative  is  said  to  be  correctly  exposed  it  gives  a  satia~ 

factory  rendition  of  detail  in  both  the  deepeat  shadowa  and  brightest 
highlights.    Fortunately,  in  many  cases  there  Is  more  than  one  single 
exposure  which  will  produce  such  a  result.    Th«^re  ia  a  wide  range  of 
possible  exposures  within  which  satisfactory  tone  separation  ia  poaaible. 
The  miniimmi  satisfactory  exposure  is  one  in  which  goi^  tone  separation 
is  just  attained  in  the  deepest  shadow  areas.    Tha  naxiwn  satisfactory 
exposure  is  one  in  which  detail  ia  juat  retained  in  the  brightest  high- 
light.   Any  additional  exposure  causae  this  highlight  detail  to  becoaie 
flattened  out  or  "blocked^up." 


The'  range  between  the  ministua  and  maximum  satiatactory  exposurea  is 
called  latitude.    This  latl.tude  may  be  either  narrow  or  wide,  depetrfing 
upon  the  subject  tnatter,  lighting  conditions,  type  of  film  ami  degree  of 
development  of  the  negative.    Generally  speaking,  black-and-white  films 
have  a  wider  latitude  than  color  films. 

An  exposure  neter  is  used  to  help  detemine  the  exposure  required 
in  a  given  situation.    The  reading  that  the  light  TOter  gives  is  trans- 
^  lated  in  terms  of  lens  aperture  and  shutter  speed  in  correlation  with 
the  speed  of  the  flln  used. 

Camera  Operation  >  ' 

After  the  film  and  camera  have  been  selected  and  a  baaic  knowledge 
of  exposure  learned,  then  you  mist  learn  to  operate  the  particular 
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ciuimr*  CO  to  uMd.   Many  (ii£f«f«nt  ammttm  93tUt  M(f  .Mny  opecACc 
•liUhtly  dtff«r«ae  (nichougti  tkm  ^«ie  d«rigB  im  •imiXmt},    In  atdt  to 
8«e  cha  bmmt  photographic  raauXta,  laaro  to  u««  tha  particular  caaara 
propacly.    Navar  cry  to  guaaa  hoif  to  usa  an  eacpanaivo  canara*  Follow 
tha  inatruetioo  bootaat.  atudy  guide  or  TO  carefully. 

Tha  follovlng  ia  a  diacuaaion  of  tha  Topcon  Super  D«  a  SSbb  aiiigle 
lana  ra.lax  ca»ara.  Rafar  to  figura  5-9.  5-10,  and  5-11  vhila  atudying 
thia  inforaation. 

GENERAL  CHARACTERISTICS  OF  THE  TOFCON  SOPER  D.    Focualng  and  frais- 
log  with  the  Topcon  io  dona  through  tha  lana.    The  inage  ia  reflected 
froa  a  45*  sirror,  located  behind  the  lena,  into  a  pentaprlaa  which 
ahowa  an  unraveraed  iauige  at  aye  level. 

The  inage  seen  ia  97  percent  of  the  final  negative.  It  ia  identi- 
cal to  the  isuige  that  will  appear  on  the  flln,  ao  there  ia  no  parallax. 
What  la  ahown  on  tha  focuaing  acraan  la  what  the  casMira  recorda. 

Tha  focuaing  screen  haa  a  full  area  ground  glaae  field  plue  a 
■plit-image  range finder  spoc  surrounded'  by  a  fine  focua  ring.  The 
penta-priaa  and  focuaing  acre«t  are  reaxrvable.    To  avoid  the  poaalbllity 
of  dirt  and  fingerprints  in  the  viewing  lystea,  they  should  NEVER  be 
reaoved  unleea  abaolutely  neceaaMry. 


SHUTTER  RELEASE 
BUTTON 


CABLE  RELEASE 
SOCKET 


SELF  TIMER 
RELEASE 
BUTTON  ' 


OePTH  OF 
FIELD  PREVIEW 
LEVER 


LENS  LOC* 
RELEASt  LtvER 


FLASH  UNIT 

BAVCWlEr 

MOUNT 


REWIND 
KNOS 


Figure  5-9.    Camera  Controls  and  It^lcators,  Front:  View 
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FlRure  5-10.    C«Mir«  Controli  and  IndlCAtora.  Top  VUw 


MOTOA  OlttVE 
SHAFT  ^VER 


LfM  LOCK 
fif  LIAtf  IwiVEH 


MCKCOVm 
LOCK  Nf  UAtf 


MTTtllV 
COVtN 


EMTOSUMEMiTiR 
COMTKOL  IWiTCN 


Figure  5-11.    Caner«  Contreli  *ad  Indioitor*,  Bottom  Vt«w 
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Uhila  vitttflogt  the  leroi  is  ae  wxlaitin  aperture  aucoutlcAlXy 
clo««i  to  the  predetflCMined  epetrture  IjnediAtely  prior  to  exposure. 

CPfiU^TING  CONTROLS.    The  sc<md«rd  Topcon  leni  is  Che  £/1.8  Auto- 
Topcon.    The  f/stop  renge  !•  from  f/1.8  to  f/22.    Apertures  sre  con- 
trolled by  A  ring  on  the  Icne  burrel  eloeest  to  the  caaere  body.  The 
aperture  index  wirk  ie  «  dot  in  the  center  of  the  depth-of-field  scale. 
The  "R**  beside  the  index  dot  ie  for  focusing  with  infrared  film. 

The  shutter  speed  dial  ie  locsted  on  the  right  oC  the  camera 
beside  the  penta-pries.    Shutter  ep£eds  are  selected  by  revolving  the 
dial  in  either  direction.    The  dial  will  p.!^t  revolve  beyond  the  ASA 
window.    Speeds  are  1  sec.  to  .1/1000  esc.  pi<is  "B." 

Focusing  adjustaents  are  made  by  revolving  the  rubber  distance 
focusing  ring  on  the  forward  part  of  the  lens  barrel.    Distances  can  be 
read  off  the  indicator  mirk  which  also  d9ubles  as  the  aperture  Mrk. 
The  caaera  focuses  froa  18  inches  to  infinity. 

The  shutter  release  Is  located  on  the  front  right  of  the  can^ra. 
The  ssquenee  which  occurs  after  release  of  the  shutter  is:    the  mirror 
swings  up,  the  diaphragm  closee  to  the  present  aperture,  the  shutter 
releases (  the  mirror  returne  and  the  diaphragm  reopens. 

Film  advance  Is  accomplishsd  as  follows*,    after  making  an  exposure, 
use  the  right  thumb  to  push  the  *. llm-advance  lever  as  far  as  it  will  go. 
It  is  possible  to  make  eeveral  short  strokes,  but  it  must  always  advance 
until  it  cones  to  a  full  stop.    The  advance  lever  advances  the  film  one 
fraae,  advances  the  exposure  counter,  cocks  the  shutter,  changes  the 
airror-raising  nechanisa  and  releasss  the  shutter  lock. 

The  Topcon  has  a  depth-of- field  preview  lever.    It  Is  located  on 
the  left  side  of  the  lens  mount.    Depressing  the  lever  closes  the 
aperture  to  the  preselected  f/stop  to  permit  visual  check  of  the  depth 
of  field  on  the  ground  glass. 

AUTOKATIC  OPERATION.    The  Topcon' 8  bullt-ln  CdS  exposure  meter  Is 
internally  coupled  to  both  shutter  spei^  and  to  the  lens  diaphragm, 
Since  this  Is  behind  the  lens  It  automatically  compensates  for  filter 
factors,  bellows  extension,  etc.    Operating  power  for  the  meter  tsy 
provided  by  a  round  mercury  1.3  volt  battery  Install^l  In  the  base  bf 
the  eanera.    Battery  life  Is  about  one  year. 

Before  using  the  aetcr,  set  the  camera  to  the  ASA  of  the  film  that 
will  be  us«l.    This  Is  accomplished  by  lifting  and  revolving  the  milled 
ring  that  Is  around  the  shutter  speed  dial.    Revolve  the  ring  until  the 
desired  speed  Is  seen  in  the  window.    Speeds  range  from  10  to  800. 
After  selecting  the  proper  ASA,  push  the  switch  on  the  bottom  of  the 
caasra  to  "on,"    This  switch  is  located  just  to  the  left  of  the  battery 

I 
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cotapartoenc.    With  the  subject  c«r«£ully  £r«Md  In  the  viewfinder/ 
adjust  EITHER  the  iihutter  ipeod  dial  ot  the  apMTture  ring,  or  both, 
until  the  t  Indicator  seen  juat  belov  the  Cocuaing  screen  Is  aligned 
correctly  with  the  apex  of  the  V-lndex  mrk.    The  extended  legs  of  the 
V- index  indicate  1/2  stop  over  or  under  exposure.    An  indicator  is  also 
visible  on  top  of  the  caaera  baslde  the  rewind  knob  and  is  used  to  check 
meter  operstAon  without  having  to  look  into  the  viewfinder.    Turn  the 
tnefr  ^ff  when  not  In  use  to  avoid  battery  drain. 

LOADING  PROCEDURE.    To  load  filo  into  the  Topcon,  first  open  the 
camera  back.    This  Is  done  by  push- turning  the  back  cover  lock  that  is 
located  on  the  bottoo  of  the  caaera.    Full  the  back  open  all  the  way. 
Now  pull  up  the  rewind  knob  as  far  as  it  will  go  and  insert  the  fila 
cartridge  into  the  empty  chsnbcr.    The  leading  end  of  the  fil»  points 
towards  the  take-up  spool.    Push  the  rewind  knob  down.    Now  Insert  the 
filo  leader  as  deep  as  possible  into  the  slit  on  the  take-up  spool.  Be 
sura  a  perforation  on  the  f ila  engages  the  screw  head  protruding  at  the 
lower  end  of  the  slit.    If  the  slit  is  not  visible,  revolve  the  take-up 
spool  by  grasping  it  by  its  serrated  flange.    Revolve  the  serrated 
flange  slowly  until  the,  perforationi  at  both  top  and  botto*  fully 
engage  the  film  sprockets.    Now  push  the  back  cover  dosed  until  it 
catches,  then  turn  the  rewind  knob  clockwise  to  tension  the  fil«.  Next, 
trip  the  shutter  and  advance  the  filn  twice,  untU  the  "0"  appears 
beside  the  dot  in  the  exposure  cVinter  window.    The  exposure  counter 
indicates  the  nuadaer  of  exposures  already  aade,  not  the  nuid»er  rwaining. 

UNLOADING  PROCEDURE.    After  shooting  the  final  exposure  on  a  roll, 
depress  the  rewind  button  on  the  bottra  of  the  eanera.    Unfold  the 
rewind  crank  froa  its  storage  position  and  revolve  it  clockwise.  Rewind 
the  exposed  f  IIb  into  its  cartridge.    Now  all  that  reMlns  is  to  open 

the  back  cover,  pull  out  the  rewind  knob  and  lift  out  the  cartridge. 

QUESTIONS 


50  NOT  WRITE  "IN  THIS  SW.    USE  A  Sl^ARATS  SHEET  FAPER. 


1. 

What 

is  meant  by  the  term  parallax? 

2. 

What 

are  the  two  &ain  types  of  focusing  aystess? 

3. 

LiP*" 

the  5  layers  in  black-«a4 -white  filsi. 

4. 

What 

is  the  purpose  of  the  overcoating? 

5. 

What 

is  the  purpose  of  the  substratua? 

6. 

What 

is  the  purpose  of  the  antihalation  becking? 

7. 

How  are  filas  sold  to  the  federal  govermMnt  designated? 
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B.    What  im  Che  iAeitl  rel»ttv«  humidity  level  far  storing  photor 
graphic  materiais? 

9.    Exposuire  Is  «  product  of  ^   titaea  ^  

10.  Define  latitude. 

11.  The  Topcon  c^anera  Cocuaea  fro«  to  _  

12.  How  Is  it  posaible  to  preview  the  depth  of  field  with  the 
TopcOD? 

'Exercise  I 

PROCEDURE 

Answer  the  following  quest iooe  and  record  your  anewers  on  a  separate 
sheet  of  paper.  .  DO  NOT  WRITE  IN  THIS 

1,  What  are  the  5  principle  parti  of  a  camera? 

2.  List  the  basic  function  of  each  of  the  5  principle  parts  of  a 
canera. 

Exercise  2 

PROCEDURE 

Answer  the  following  questions  and  record  your  answers  on  a  separate 

sheet  of  paper.    DO  NOT  WRITE  IN  THIS  SW. 

1.  List  the  3  silver  halidea  used  in  most  of  the  sensitized 
photographic  materials. 

2.  Which  silver  halide  is  the  most  sensitive  to  light? 

3.  What  two  silver  tialides  are  ueed  in  cowbination  to  produce 
fast  filn  emulsions? 

4.  Whet  accounts  for  the  slow  speed  of  the  blue  sensitive  films? 

5.  What  la  the  nane  given  to  film  that  is  sensitive  to  blue  and 
green  light  only? 

6.  Which  of  the  three  colors— radi,  grcsn,  or  blue— photograph  the 
darkest  on  panchromatic  films? 

7.  The  difference  between  high  densities  and  low  densities  is 
called   
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8.  When  wuld  you  uie  «  lUk  that  has  «  high  conttMtT 

9,  fihlch  filas  have  the  higheat  liiher«it  contraat? 
10.  Whatsis  tteant  by  f.he  ten  speed*'? 

II «  Uhat  Is  neaoit  by  the  tera  '^gtaln"? 

1^*  What  is  the  tera  uaed  to  deecrlbe  the  ability  of  a  f  lla  to 
distinguish  betv:^  closely  spaced  lines? 

13.  The  term  used  to  describe  a  £iXn*s  sharpiMMS  it  called   


PROCEDURE 

1.    Observe  the  Instructor's  classrooa  deoKuis (ration  of  the 

Topcon  Super  D  camera. 

2*  Follow  the  instructor's  directions  as  you  eacpose  the  fils. 
3,    Photograph  several  scenes  around  the  school. 


Exercise  3 


EQUIPMENT 


Basis  of  Issue 


Topcon  camera  outfit 
Film 


1/ student 

1  roll/student 
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THE  DEVELOPMENT  PROCESS 


OBJECTIVES 

Identify  che  chmlcaX  properties  iv*  black-And-^vhite  processing 
soluclons. 

Process  previously  exposed  film  using  tasnual  processing  facilities. 
Processed  negatives  must  be  free  of  physical  defects  and  have  acceptable 
density  and  contrast. 

INTRODUCTION 

In  one  sense*  the  (moment  the  camera  shutter  cXicV.8»  the  photograph 
has  been  made.    Yet  nothing  shows  on  the  fila;    the  image  is  there  but 
It  is  invisible — a  latent  image*    To  make  this  latent  image  visible  and 
permanent »  the  film  is  processed  in  chemical  solutions.    The  following 
discussion  describes  the  various  chemical  solutions  used  to  develop 
film. 

INFORMATION 


Developer 

The  first  of  these  processing  solutions  in  the  development  process 
is  the  developer.    The  developer  creates  density  in  those  areas  of  the 
film  that  were  exposed  to  light.    Actually »  this  Is  a  process  of  r^uc- 
ing  the  exposed  silver  halldes  (the  latent  image)  to  black  metallic 
silver.    There  are  many  chemicals  used  in  a  single  developing  solution 
and  each  one  has  a  definite  function.    Common  developers  generally 
contain  the  following  components: 

1.  Solvent  (water) 

2.  Developing  agent  (reducer) 
a.  Accelerator 


PROCESSING  SOLUTIONS 


Preservative 


5. 


Retainer 


6. 


Special  additive  ingredients 


SQV/WS^    Tap  vatcer  Is  used  ao  the  aolvent  for  mixing  t.«e  choUcal 
conpoaenta  to  a  developing  solution.    Without  «atar»  the  dry  chesdcala 
could  neither  soften  the  ORilsion  nor  reach  the  exposed  halldea. 

REDUCING  DEV1SL0PING  AGENT.    The  most  important  chesalcal  in  a  de- 
veloping solution  is  the  reducltg  agent »  which  actually  reduces  or 
changes  the  exposed  halides  to  black  metallic  silver »  making  the  image 
visible*    There  are  several  chemicals  which  may  be  used  as  reducing 
agents;  bu;:  only  two^  hydroquinone  and  aetol  are  found  in  most  standard 
developing  solutions. 

Kydroquinone  is  a  slow-working,  high-contraat  reducing  agent*  It 
becomes  inactive  at  temperatures  lower  than  SO'F  (10*C),  and  has  a 
tendency  to  produce  fog  at  temperatures  over  80^F  (26, 7C),  Hydroquinone 
has  good  keeping  qualltles»  is  nonstainlng,  and  produces  a  cold,  blue- 
black  tone. 

Metol  and  hydroquinone  are  generally  used  in  combination.  The 
resultant  (MQ) ,  metol-hydroquinone,  developer  has  the  desired  character-- 
is tics  of  both  reducing  agents  and  is  "superior  in  many  ways  to  a  solu- 
tion containing  either  agent  by  itself* 

ACCELERATORS.    The  solution  must  be  in  an  alkaline  state  so  that 
the  developing  agent  will  be  active.    Most  agents  are  either  neutral  or 
slightly  acid»  making  it  necessary  to  add  an  alkali  to  the  developing 
solution.    The  alkalit  called  an  accelerator,  energizes  the  developing 
agent  and  also  causes  the  emulsion  to  soften  and  si^ftlJ »  thus  allowing 
the  developing  agent  to  penetrate  more  rapidly. 

Accelerators  fall  into  three  general  classif ica<fio»s-^mild,  mod- 
erate»  and  strong.    Sodium  borate  (borax)  is  a  mild  alkali  and  is  used 
in  low-contrastt  fine-grain  developers  for  negatives  only.  Sodium 
metaborate  (Kodalk)  is  slightly  stronger  than  borax,  but  is  similar  in 
action.    Sodium  carbonate  is  a  nfoderately  strong  alkali  and  is  the 
accelerator  used  in  nK>st  developers,  both  film  and  paper.  Sodium 
hydroxide,  a  very  caustic  alkali,  is  extremely  active  and  Is  used  in 
high-contrast  film  developers  only. 

The  activity  of  a  developer  can  be  changed  to  a  considerable  extent 
by  varying  the  amount  of  alkali  Included.    Because  the  accelerator  is  a 
determining  factor  in  the  activity  of  a  developing  solution,  it  has  a 
marked  influence  upon  the  degree  of  gralniness  produced  in  a  negative. 
Graininess  is  caused  by  the  clumping  together  of  the  silver  halides 
during  development.    The  more  active  the  developer,  the  greater  the 
clumping  action;  the  milder  or  less  alkaline  the  developer,  the  finer 
the  grain. 

PRESERVATIVES.,  A  solution  containing  water,  a  developing  agent  and 
an  alkali  can  develop  an  emulsion.    Howevett  such  a  solution  would 
oxidize  very  quickly,  resulting  in  rapid  deterioration.    It  would  also 
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fug  and  8t4iln  Che  emulsion*    In  order  to  prevent  i^xcesulve  oxidation,  a 
chenicnX  used  ae  a  praaeryatlve  la  added «    The  {ireservatlve  re  tarda  the 
oxidation  of  the  developing  agent*  making  the  solution  oore  stable  and 
preventing  stains.    The  chesiical  oost  cosraonly  used  as  a  preservative  Is 
sodiuii  gul£lte> 

RESTRAINERSp    a  developing  solution  containing  only  a  r^ucer, 
accelerator »  and  preservative  has  a  tendency  to  reduce  the  unexposed 
silver  halldes.    Such  unrestrict«l  developing  action  results  quickly  in 
chemical  fog.    To  prevent  this  action,  a  res trainer,  which  makes  the 
developer  oore  selective  by  restraining  developing  action  in  the  unex- 
posed areas  of  the  emulsion,  is  added*    The  restralner  also  permits 
longer  development  and,  consequently,  greater  contrast  can  be  obtained. 
An  excessive  amount  of  restralner  greatly  retards  development  and, 
unless  developing  time  is  Increased,  may  produce  greenish^brown  tones  in 
prints. 

The  chemical  most  commonly  used  as  a  restralner  Is  potassium 
bromide »    Other  chemicals  which  can  be  used  are  potassium  iodide  and 
sodium  chloride  (table  salt),  although  they  are  not  entirely  satisfactory. 

SPECIAL  ADDITIVE  XNGREOIeA^.    Common  developer  solutions  contain 
a  solvent  (water),  a  reducing  agent,  a  preservative,  an  alkali,  and  a 
restralner,  although  the  last  two  are  not  absolutely  required.  However, 
In  continuous  photoprocesslng  you  will  very  seldom  use  one  of  the  common 
developers.    You  ^111  probably  use  one  of  the  newer  proprietary  developer 
solutions  which  contain  other  compounds  in  addition  to  the  ones  list^ 
above . 

Within  the  past  twenty  years  a  variety  of  organic  compounds  has 
been  shown  to  possess  important  antlfoggant  ptoperties.    Not  only  do 
they  inhibit  fogging  to  the  same  degree  as  bromides,  but  they  do  not 
cause  mm  great  A  loss  In  film  speeds  in  doing  so.    At  the  elevated 
temperatures  in  use  today i  antlfoggants  must  be  used  since  bromide  is 
not  very  effective  at  these  higher  temperatures.    Some  examples  of 
antlfoggants  in  use  are  Kodak  AFll,  AF#2,  AF#6,  AF#7»  bensotrlaasolei  and 
6-nitrobenzimldazole  • 

When  there  Is  a  high  concentration  of  compounds  dissolved  in  a 
developer  solution,  there  is  a  tendency  for  sludging  and  precipitation. 
Sequestering  agents t  which  act  as  protective  colloids,  keep  the  d€^eloper 
by-products  In  solution  preventing  sludgislt  and  precipitation.  Examples 
of  sequestering  agents  are  sodium  raetaphosphate,  sodium  tetraphosphate, 
calgon,  quadrafos,  and  EDTA, 

Wetting  agents  facilitate  th^  absorption  of  de^veloplng  solution 
into  the  emulsion.    Examples  are  ethyl  alcohol,  butyl  alcohol ^  benzyl 
alcohol,  ethylene  discloride,  and  tri'^ethanolamlne. 
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Stop  B&ths 

A  Stop  b*th  is  needed  for  the  three  foXlovliig  reasooB: 

1.  To  Interrupt  development  Instantly  by  neutralizing  the  alkali 
of  the  developer  that  is  trapped  in  the  enuljlon,  or  srore  slovly  by 
diluting  the  developer. 

2.  To  prolong  the  life  of  the  fixing  bath. 

3.  To  prevent  the  fixing  bath  froo  staining  the  photographic 
estultion. 

There  are  three  general  types  of  stop  baths:    water,  acid,  and 
hardening.    Each  has  a  specific  purpose  and  should  be  used  accordingly. 

1.  Water,  as  a  stop  bath,  helps  to  retard  dievelopnent  and  washes 
excessive  developer  from  the  emulsion  thereby  minimising  contamination 
of  the  fix.  . 

2.  An  acid  bath  stops  all  development  by  neutralizing  the  action 
of  the  developer.  This  definitely  prolong^  the  life  of  the  fixing  bath 
and  aids  in  preventing  stains. 

3.  A  hardening  stop  bath  (usually  chrome  alua)  ii  used  when  the 
emulsion  is  processed  in  high  temperatures  or  tropical  climates.    If  you 
cannot  keep  the  developer  temperature  below  86"F  (30.0"C)  a  hardening 
stop  bath  should  be  used. 

Fixing  Baths 

When  a  negative  or  print  is  r^oved  from  the  developer  and  rioaed, 
there  are  silver  halldcs  in  the  emulsion  which  have  not  been  developed. 
These  halides  are  made  soluble  (can  be  dissolved)  in  a  solution  called 
a  fixing  bath.    The  chemicals  and  agents  most  commonly  used  in  a  fixing 
bath  are; 

1.  Silver  Halide  Solvent  CFlxing  Agent)  -  The  silver  halide  sol- 
vent is  the  agent  which  changes  the  undeveloped  silver  halides  to  a 
water-soluble  salt.    The  salts  are  then  removed,  thereby  making  the 
image  permanent.    The  chemical  moat  coasmmly  uaed  as  a  halide  8olv«»t  Is 
sodium  thiosulfate  (hypo). 

2,  Acid  or  tfeutralleer  -  After  developMt,  the  softemd  ewOslon 
retains  considerable  amount  of  devclofNsr.    If  this  developer  is  allmd 
to  remain,  it  will  continue  its  reducing  action,   «ven  though  an  emol- 
sion  is  tlwroughly  rinsed  in  %mter  before  it  is  pl«:ed  in  the  fixing 
bath,  enough  of  the  developer  remains  to  continue  developing  action. 
The  result  would  be  stains »  making  the  negative  unfit  to  print.  TO 
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stop  dcArelopnent  an4  prevent  staining,  acetic  aelii  is  added  to  the  fix. 
Thlfl  aeutrallcee  the  aik«lliilty  of  the  developer  and  atop*  Ita  action. 

^*     Freservative  -  When  acid  ia  added  to  the  fixing  bath,  the 
sodium  thiosulfate  deconi^sea  into  free  aulphur  and  sulphurous  acid.  To 
offset  decoaposition,  a  preservative,  &odiu«  sulfite,  is  added.  Sodium 
sulfite  acta  as  a  preservative  by  combining  vith  free  sulphur  and 
formiat  b«w  sodium  thiosulfate.    It  also  prevents  discoloration  of  the 
solution  which  could  cause  stains. 

^'     Hardener  -  During  develofment,  the  emulsion  becomes  soft  and 
swollen.    If  processing  is  continued  without  hardening  the  gelatin, 
frilling,  scratching,  and  other  undesirable  effects  may  occur.    The  toost 
common  hardening  agent  used  is  potassitun  alum,  and  is  added  to  the 
fixing  bath  to  allow  the  film  or  paper  to  fix  and  harden  at  the>  sane 

TYPES  OF  FIXING  aATliS.    Some  ccnnon  fixing  batha  are  listed  belov* 

1.  Plain  fixing  bath  -  A  plain  fixing  bath  contalna  nothing  more 
than  Bodlua  thloiulfate  (hypo)  and  water.    It  Is  very  seldom  used  except 
for  special  purposes »  such  as  fixing  prlnta  that  are  to  be  toned. 

2.  Acid  fixing  bath  -  A  solution  of  sodium  thiosulfate  combined 
with  the  proper  proportions  of  acetic  acid  and  senium  sulfate  is  an  acid 
fixing  bath,    this  type  of  bath  Is  unsatisfactory  for  negatives  because 
it  has  no  hardening  qualities •    It  Is  primarily  Intended  for  prints. 

3.  Acid  hardening  fixing  bath  -  An  acid  bath  contains  a  hardening 
agent t  making  the  solution  suitable  for  both  negatives  and  prints. 

Wash 

The  purpose  of  washing  negatives  and  prints  Is  to  remove  the 
soluble  salts  left  in  the  emulsion  after  fixing.    An  unvashedt  or 
Improperly  washed  esmilslon  may  stain,  change  color,  and  fade.  There^ 
fore,  the  washing  of  the  photographic  emulsion  Is  just  Jis  important  as 
any  other  part  of  the  development  process. 

How  long  should  you  wash  your  materials?    An  idea  may  be  gained  if 
you  realize  that  the  hypo  remaining  in  the  sensitised  materials  Is  con** 
tinually  halved  in  equal  periods  of  time.    T^t  is,  if  the  average 
negative  gives  up  half  of  its  hypo  In  IS  seconds  of  time  In  direct 
contact  with  running  water,  after  30  seconds,  only  one  fourth  of  hy{K> 
will  remain,  and  so  on.    The  c^^xact  washing  time  depends  on  many  things 
including: 

1.     The  efficiency  of  the  washing  method. 
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2.  The  chealcal  conpotltion  of  the  Cixlng  bath. 

3.  How  long  the  eamlalon  reaained  la  the  fixing  bath* 

4.  The  teaperaturc  of  the  wash  vater; 

5.  The  degree  of  hypo  renoval  required. 

WASHING  IN  TRAYS.    Tlicre  arc  three  methods  of  washing  negatives  and 
prints  in  trays.    The  siaplest  is  to  place  the  aaterial  in  a  tray  full 
of  water  and  change  the  water  at  least  once  every  five  minutes.  A 
second  oethod  la  to  have  a  continuous  strean  of  imtsr  rumting  into  the 
tray  for  a  nininum  of  20  minutes.    The  third  and  aost  efficient  TCthod 
of  washing  in  trays  uses  a  device  attached  to  the  tray  which  siphons  the 
water  from  the  bottom  of  the  tray  while  fresh  water  is  being  run  in  at 
the  top.    In  any  method,  care  must  be  taken  to  separate  the  negatives  or 
printes  to  insure  that  sufficient  fresh  water  reaches  all'  areas  of  each 
emulsion. 

WASHING  IN  TAHKS.    A  very  satisfactory  method  of  washing  negatives 
is  the  tank  method.    Metal  or  plastic  frames  hold  the  negatives  and 
suspend  them  in  the  tank.    Water  is  then  allowiMl  to  run  into  the  tank 
and  the  negatives  are  washed  for  the  required  tine. 

MECHANICAL  WASHERS.    A  convenient  wsthod  of  washing  a  large  number 
of  small  and  medium  aise  prints  is  by  the  use  of  a  mechanical  washer. 
These  washers  spray  fresh  water  onto  the  prints  and  at  the  eaae  time 
siphon  off  the  contaminated  water.    Th^  type  of  washer  sometimes  has  a 
large  tray  or  basket  which  Is  revolved/either  by  the  force  of  the  water 
spray  or  by  a  separate  motor.    The  roption,  together  with  the  spray  of 
fresh  water,  gives  constant  agltetlonf and  the  water  is  changed  every  few 
minutes .  | 

%         DEVELOPING  TEOINXQUES 

Preparing  for  Processing 

The  processing  of  photographic  emulsions  is  done  best  in  a  properly 
equipped  laboratory.    At  this  time  we  will  not  go  into  complete  detail 
on  the  laboratory  layout,  but  we  will  familiarise  you  with  a  few  of  the 
essentials.    These  factors  are  Important,  whether  the  darkroom  is  large 
or  small,  if  quality  wtirk  is  to  be  produced. 

LAB  SET  UP.    It  Is  impossibie  "to  turn  out  good  photographic  wo*k  in 
a  dirty  laboratory.    At  all  times  the  laboratory  awst  be  matnfcain^  in 
a  s?otlcas  clean  condition.    Shelves,  bottles,  walls,  floor,  and  sinks 
should  be  clean€«l  thoroughly  and  checked  frequently.    Chemicals  that 
might  get  Into  the  air  Croni  dried  spUlage  or  other  careless  techniques 
can  be  detrimental  to  your  health  and  will  lower  tf^e  quality  of  the 
photographic  product. 
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Al«f*y»  check  the  lab  for  cleanltneas  before  beginning  work.  Take 
a  f«if  »iiiuC«s  antf  %rf.P«        tlic  lurface  of  che  area  where  film  Is  handled. 
Ihen  after  yoa»v«  Ctniahed  proceaiiag  for  the  day,  ci«^  aU  ^  «<ittip- 
■ent  used,  clean  and  dry  the  elnk,  and  nop  the  floor.    Always  leave  the 
lab  cleaner  than  you  found  It. 

Laaaine  the  laboratory  ao  being  divided  into  two  sections— a  wet 
section  and  a  dry  section.    Make  it  a  habit  to  take  nothing  that  is  wet 
into  the  dry  section,  and  also  naver  Uke  anything  that  «ust  be  kept  dry 
into  the  wet  section.    This  prevents  the  dry  negatives  froa  becooiog 
spotted  with  water  or  fixer.    It  also  prevents  water  from  getting  onto 
the  printer  or  easel.    Sloppy  darkrooa  techniques  always  result  in  poor 
quality  work.    Be  neat.    Wear  an  apron  to  prevent  chemistry  fron  getting 
on  your  clothes  and  keep  a  dry  towel  handy.    Always  rinse  and  dry  your 
hands  thoroughly  before  going  from  the  wet  section  to  the  dry  section. 
When  it  becomes  necessary  to  go  into  the  dry  section  from  the  wet 
•ection,  rinse  aiui  dry  ymir  hands. 

r 

Every  laboratory  should  have  a  standard  rule  of  "a  place  for  every- 
thing and  everything  in  its  place."  This  is  Important  for  finding  items 
in  total  darkness  and  for  moving  about  safely. 

ILLUMINATION.    Safelights  are  designed  to  produce  lllwaination 
which  will  not  affect  light  sensitive  materials.    The  proper  safelight 
is  necessary  for  the  materials  being  handled.    Different  emulsions  are 
sensitive  to  different  colors  of  light.    Orthochromatic  emulsions  are 
not  sensitive  to  red  light,  therefore  a  red  safelight  filter  would  not 
expose  the  film.    Panchromatic  film  U  sensitive  to  all  colors  of  light 
and  must  be  developed  in  total  darkness.    However,  some  panchromatic 
emulsions  may  be  viewed  under  a  dark  green  safelight  for  short  periods 
of  time  after  processing  is  partially  complete. 

The  safelight  illumination  nmst  be  the  proper  color  plus  it  must  be 
the  proper  intensity  and  the  proper  distance  from  the  film.    Check  the 
film  data  sheet  for  safelight  illumination  used  with  the  film  being 
processed. 

EQUIPMENT.    The  basic  equipment  needed  to  process  a  roll  of  35onj 
film  is  a  developing  tank  %rlth  lid,  developing  reel,  interval  timer, 
scissors,  film  cassette  opener,  thermometer,  graduates  and  chemistry. 
Arrange  the  equipment  in  an  orderly  manner.    The  graduates  and  chemistry 
are  plac«i  on  a  wet  side  of  the  darkroom  irttile  all  other  equipment  is 
placed  on  the  dry  side.    While  arranging  the  equipteent,  always  keep  iu 
mind  that  the  lights  wUl  be  turned  off.  leaving  total  darkness.  Place 
the  items  so  they  can  easily  be  located. 

PREPARING  THE  CHEMISTRY.    After  the  equipment  has  been  arranged  on 
the  dry  side  of  the  darkroom,  begin  organising  the  wet  side  of  the  dark- 
room.   The  first  step  is  chemistry  preparation. 
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Fhotographlc  procec«lng  colucloas  «rc  prcp*r«d  «s  •ifclMr  «tock\ 
solutions  or  workiog  soludtooi.    Stock  aolutloiui  «r«  profwroil  In  «  eon* 
centrntod  fom.    Stock  solutions  roqoire  dilution  pvlor  to  uso.  Working 
solutions  have  the  correct  concentretlon  for  os«.    When  properly  jil- 
luted,  the  stock  solution  becovea  a  working  solution.    The  label  on  each 
container  of  photographic  solutions  should  contain  the  following  infor- 
mation:   the  type  of  solution  and  its  strength. 

The  developer  that  vrill  be  us^  to  process  the  flla  in  thie  bin: t ion 
is  a  stock  D-76  solution.    This  solution  vill  need  to  tie  diluted  to  a< 
ratio  of  1:1.    This  osans,  nix  one  part  developer  to  o.ne  pert  of  water. 
For  the  developing  tanks  that  will  be  used,  a  total  mrklng  solution  of 
elglit  ounceails  need^.    TO  achieve  this  voIum,  dilute  four  ounces  of  . 
developer  With  four  ounces  of  vnter. 

The  stop  bath  also  comes  in  a  stock  solution.    Again  a  total *of 
eight  ounces  is  needed.    The  dilution  ratio  for  the  stop  bath  la  1:32. 

When  diluting  a  stock  solution,  B»asure  the  liquids  carefully.  B? 
careful  with  the  solutions  as  sme  are  haxardous  to  health. 

CAUTION 

the  stop  bath  contains  acetic  acid.    Fill  the  graduate 
with  water  first  then  add  the  acid  to  it.    lUnesber:  Always 
add  acid  (AAA)! 

Preparf(  the  proper  dilutions  of  cheadstry  before  loading  the  fll> 
reel.    Measure  the  temperature  of  the  solutions.    The  ideal  toiperature 
for  processing  film  manually,  la  between  68*  and  72 *F.  (20*  and  22.2*C) 
As  has  been  stated  before,  temperature  greatly  affects  development. 
Correct  temperature  is  extremely  important. 

PREPABATING  THE  FILM  FOR  PROCESSIHC.  After  the  solutions  are  aixed 
and  at  the  proper  temperature,  prepare  the  filn  for  processing.  At  this 
point  recheck  the  arrangoaent  of  the  equipoent  since  the  next  steps  will 
be  done  In  total  darkness. 

With  all  lights  off,  open  the  roll  of  film.    To  rsBove  fll«  tt^m  a 
standard  338»b  cassette,  find  the  spool  end  protruding  from  one  and  of 
the  cassette.    Pick  up  the  cassette  by  this  end.    Fry  off  the  other  end 
with  the  cassette  opener  or  a  soft  drink  bottle  opener,  see  figure 
6-lA.    Slide  the  spool  out. 

With  the  scissors,  cut  off  the  protruding  end  of  the  fil»  to  square 
it  off,  see  figure  6-lB.    Do  not  try  to  tear  the  film.    Besides  injuring 
the  caulslon,  the  friction  of  tearing  eould  cause  a  flesh  of  st#tic 
electricity,  creating  enough  light  to  streak  the  film.    Put  the  scissors 
i^re  they  can  be  found  and  where  the  blades  or  points  caimot  scratch 
the  flla. 
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Figure  6-1.    Loading  ISimn  Film 
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Hold  tha  fila  spool  In  «ltlMr  hand  to  thaw  the  film  unwlndft  off  tbt 
top.    Unwind  aSout  three  Inches  and  bow  It  elightly  between  thiab  and 
forefinger,  see  fi^re  6-lC.    The  reel  Must  be  oriented  properly  in  the 
other  hand  or  the  fll«  will  not  slip  Into  the  grooves.    Eech  reel  is 
made  of  wire  in  a  spiral  starting  at  the  core  of  the  reel  and  running  to 
the  outside.    The  space  between  the  wire  spirals  forms  the  groove  that 
holda  the  f ils  edges.    Hold  the  reel  so  that  the  sides  are  vertical  mA 
fcsfeel  for  the  blunt  ends  of  the  spirals.    Rotate  the  reel  until  the  ends 
"are  at  the  top.    If  the  ends  then  face  the  filw,  the  orientation  is 
correct.    Insert  the  squared-off  end  into  the  core  of  the  reel,  see 
figure  6-lD.    Rotate  the  reel  away  fron  the  film  to  start  the  filn  into 
the  innenaost  groove. 

To  flj-nish  threading  the  reel,  place  it  edgewise  on  the  flat  sur- 
face, see  figure  6-lE.    Hold  the  filn  spool  as  before,  with  thuob  and 
forefinger  bowing  the  film  slightly.    Unwind  three  or  four  inches  of 
film  and  push  the  film  so  that  the  reel  rolla  forward.    Aa  it  rolls,  it 
will  draw  the  film  easily  into  the  grooves.  .When  all  the  film  Is  wound 
on  the  reel,  cut  the  spool  free  with  the  scissors,  see  figure  6-lF. 
Check  that  tfie  film  has  been  wound  Into  an  open  spiral.    Unlsss  the  resl 
is  correctly  loaded,  sections  of  film  »sy  touch,  stopping  developnsnt  st 
those  points. 

After  properly  winding  the  film  on  the  reel,  place  It  into  the 
developing  tank  and  cover  with  the  lid,  see  figure  6-lG.    After  the  lid 
is  on  the  tank,  turn  on  the  light  and  process  the  film.    Do  iwt  rsAovs 
the  lid  .until  the  process  is  completed.    Practice  the  filn  loading 
procedure  a  few  times  with  duaoy  film  while  the  lights  are  on.    Refer  to 
figure  6->l  for  an  Illustration  of  the  steps. 

Processing  3Saa  Roll  Film 

PRESOAKING.    Before  starting  dsvslopwent,  run  tap  water  in  the 
vented  top  of  the  tank.    Prewetting  the  film  causes  the  emulsion  ^o 
soften  and  swell.    This  allows  the  developer  to  be  absorbed  mors  quickly. 
It  also  reduces  the  shock  to  tha  amOsion  of  being  thrown  into  a  strong 
alkaline  bath.    Agitate  the  tank  cotitlnuously  for  30  seconds.    Pour  out 
the  water. 

DSmoPER.    In  addition  to  eacposure  there  are  four  factors  in 
development  that  control  the  density  of  the  negative.    These  four 
factors  are: 

0      Development  time. 

o      Temperature  of  the  developer  solution. 

o       Degree  of  agitation. 

o       Activity  of  the  developer  used. 
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TljM  at  t^vmlo^mt.    When  th«  ««poi«l  iMterlnl  iM  placed  in  the 
dftv«l0Mr,  eh«  iolutimi  p«i«tr«fc«»  th«  iwiUlen  awl  feigiiw  to  ?t4oce  thm 
axposkd  iillv«r  halliiM  to  imtiailc  iUver.   the  longftr  the  d«v«loiNMnt 
clM,  tht  iMr«  allvsr  is  r«duc*d,  and  th»  danaar  tlM  iMsg*  tiacnMs.- 

If  davaXopacnt  la  carried  too  far,  tha  danalty  Bay  bccose  too  high. 
Than  the  davalopar  aay  bagla  to  act  on  the  unaxpoaad  aUvar  halida 
cryatala.    Thla  cauaaa  "chamlcai  fog,"  which  tenda  to  valX  tha  ahadow 
detail. 

Taaperature  of  Davalopar  Solution.    The  r«te  of  davelop»ant  If 
Affected  by  the  teaperature  of  the  developer  aolutlon.    Aa  tha  tempera- 
ture rlaea,  the  rate  of  developownt  increaaea.    Thua,  %*hen  the  developer 
teaperature  la  low,  the  reaction  la  slow.    The  developmt  time  reco»- 
eeoded  for  the  nomal  eenperature  would  than  give  ui^erdevelopaent . 
When  the  tenqperature  !■  high,  the  reaction  la  feat  and  the  aasw  tine 
would  give  overdevelopnent.    Within  certain  lialta,  theae  changee  can  be 
coapanaat^  for  by  Ineraaaliig  or  decreaalng  davelopnent  tlae. 

Agitation  of  the  Developer.    If  expoaed  photographic  aaterlala  are 
placed  In  a  developer  eolutloo  and  allowed  to  develop  without  any  aove- 
nent,  the  action  eoon  alowa  down.    Thla  le  bacauae  the  developing  power 
of'  the  solution  in  and  around  the  asulalon  becoaca  axbauated.    If  the 
•aterlal  la  agitated,  freah  solutlona  are  continually  brought  to  the 
eiMlalon  aurface  and  the  rate  of  davelopaant  reaalna  conatant.  .  There- 
fore, agitation  haa  an  important  effect  on  the  degree  of  developwnt 
obtained. 

MOTTLE.    An  even  aore  loportant  effect  of  agitation  la  prevention 
of  uneven  developaent  or  not  tie.    Without  agitation,  the  eichauatad 
solution,  loaded  with  d^eloper  by-producte,  Aay  flow  acroas  the  emul- 
sion froa  the  dense  areas  producing  uneven  etreaka.    Agitation  kaepa  the 
aoltiitlon  uniform  throughout  and  praventa  uneven  developaent. 

* 

Activity  of  the  Developer  Solution.    The  rate  of  developaent  la 
also  affected  by  the  chemical  activity  of  the  developing  aolutlfn.  This 
depends  upon  the  coapoeltlon,  nature  and  concentration  of  the  developing 
agent  and  the  alkalinity  of  the  aolutlon.    The  stronger  the  developing 
agent,  the  faster  the  developing  aplutton  reacta  with  the  ejt|>oacd  silver 
cryHtals.    Likewise,  the  stronger  the  alkali  in  the  solution,  the  faster 
the  developaent  rate.    The  dilution  of  the  develo{»er  in  v»ter  will  also 
affect  Its  activity. 

EXHAUSTION.    In  addition,  the  exhaustion  of  the  developer,  affects 
the  activity  of  the  solution.    As  the  developer  is  used,  its  developing 
power  decreases.    Even  when  the  developer  Is  not  uaed,  its  activity  aay 
decrease  because  of  aerial  oxidation  of  the  developing  agent. 
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There  It  a  right  d«velop«t  for  each  Multion.    The  £ti»  date  ehtet 
In  the  fU«  carton  wUl  lUt  the  preferred  developer. 

At  Boon  aa  the  presoak  water  hae  drained  froo  the  tank,  pour  the 
developer  Into  the  vented  top  of  the  tank.    AglUte  the  tank  five  to  ten 
seconds  every  minute  of  develop«eiit  tlae.    Develop  the  flta  for  the 
r^coiroended  tltae  for  Its  teiaperature .    Pour  out  the  d«reloper. 

AGITATION.    During  developoent,  to  achieve  desired  results,  use 
proper  agitation.    For  consistent  resulto,  keep  the  rate  and  eethod  of 
agitation  constant.    One  oethod  of  agitating  ie  by  turning  the  tank  back 
and  forth  through  a  45*  arc,  as  if  turning  a  key  in  a  lock.  ^  Arother 
method  ie  by  firmly  gripping  the  tank  and  lids  and  completely  inverting 
the  tank.    Remaaber  that  agitation  is  an  assent Ul  part  of  th^  devexop- 
Ing  process.  % 

STOP  BATH.    '        the  developer  has  drained  from  the  tank,  pour  the 
stop  bach  into  t.  ed  top.    Agitate  contlnuouely  for  30  to  60 

seconds.    Poor  out  cne  stop  bath. 

FIXER.    After  draining  the  stop  bath,  pour  the  fixer  into  the 
vented  top  of  the  tank.    It  is  necessary  to  agiUts  the  f  ll«  in  the 
fixing  bath  because  gases  are  released  and  gae  bells  may  for.  on  the 
film  surface.    If  these  gas  bells  form,  they  will  cause  ^ 
the  film.   Agitate  the  film  continuously  for  60  seconds.    I4»t  the  tank 
sit  for  another  minute.    Remova  the  top  of  the  tank  and  check  the  hack 
of  the  film.    The  mUky  appearance  on  the  back  of  the  film  ehould  have 
disappeared.    If  the  back  of  the  film  still  hes  a  milky  appearance, 
leave  the  film  In  the  fixer  another  couple  of  minutes.    Pour  the  fixer 
btfck  into  Its  bottle  at  the  end  of  the  fixing  time. 

NOTE  J    NEVER  DISCARD  THE  FIXER! 

WASH.    After  the  fix  Is  complete,  wash  the  film  under  a  stream  of 
running  tap  water  for  10  to  30  minutes.    Leave  the  film  oo 
while  It  washes.    The  wishing  of  photogrsphlc  smulsions  is  just  as 
Important  as  any  other  part  of  the  development  process. 

WETTING  AGENT.  After  the  film  has  waehed  ■"",^«^J«"5^'^*  JTL^Jn 
the  water..and  pour  a  wetting  agent  into  the  tank.  Ut  the  film  tit  m 
the  wetting  agent  for  30  seconds. 

Tt»e  term  'Vetting  agent"  is  used  to  describe  a  claef  of  •««»^«; 
which  reduce  the  surface  tensl^  or  increaae  the  f  "J^.J^^'Jf* 
water.    Wetting  agents  act  primarily  a.  water  spot  JJj^ 
speed  up  the  drying  time  by  softening  the  water  eo  '^J^J^  .JT"^" 
negative  without  beading.    Wetting  agents  are  used  highly  dilut%, 
(approximately  ,1:600  or  one  ounce  to  five  gallons  of  water;. 
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OMING,    Hhec  the  fU»  hwi  t«»«ln«<i  In  the  tf«sttliig  agent  for  30 
•eeondi,  xmm%  tH»  wl  Jfwm  «H«  ttnk  and  6«*-*fuily  cenove  the  film 
froM  the  reel.    Sealer  tbet  the  eoulaion  Is  still  vet  end  eoft  and 
eeeily  ecretched.    Attech  e  clip  to  onts  end  end  hang  It  in  a  duet  free 
piece  where  the  rco«  teeipereture  vill  reaain  conetent  during  the  drying 
period.    Pull  the  fil»  teut  and  r«a»ve  excess  weter  fro«  the  surface  by 
gsntly  drawing  a  da«p  viscous  sponge  or  daap  cotton  hell  down  hoth  sides 
of  the  fil«.    Thie  pulle  away  tiny  particles  of  grit  and  ar  »  isolated 
water  drops  which  did  not  drain  away. 

It  is  best  to  let  the  negatives  air  dry  at  rooa  teaperature.  If 
the  drying  rate  is  increased  by  using  extremely  hot  air,  the  outer  film 
surface  «Miy  dry  and  harden  before  the  aoistute  contained  within  the 
geUtin  can  diffuse  out.    This  might  cause  surface  ruptures.    The  use  of 
aoderete  heat  is  tolerable  if  short  processing  time  ie  ijn>ortent.  If 
the  evasion  is  dried  too  coipletely,  it  becomes  dry  and  brittle  and 
will  easily  crack.    The  ideal  situation  is  one  in  which  the  film  dries 
uniformly  until  It  is  in  equilibrium  with  the  surrounding  air. 

LAB  CLEAN  UP.    Before  any  seesion  in  the  darkroom  is  terminated, 
the  equijment  and  lab  must  be  cleaned.    Thoroughly  wash  and  dry  the 
developing  tank  and  reel.    Any  chemicals  left  on  these  items  can  con- 
taminate the  chemicals  used  to  process  the  next  roll  of  film.    Wash  the 
graduates  and  thermowter  and  dry  them.    Rinse  and  dry  the  sink  and  mop 
the  floor.    A  little  time  spent  cleaning  now  will  prevent  large  clean 
ups  later  and  will  assure  the  production  of  quality  work. 

SUMMARY  OF  DEVELOPMENT  PROCESS.    The  following  is  a  step-by- step 
breakdown  of  the  development  process.    Study  the  steps  snd  keep  them 
handy  for  use  in  the  lab. 

S 

ROOM  LICmT 

1.  Clean  area  and  arrange  equipment  so  It  can  be  found  In  total 
darkness. 

2.  Mix  chemistry  according  to  instructions.    (Rdisember  AAA.) 

3.  Use  themoBUSter  to  measure  temperature  of  solutions.  Consult 
tlma/temperature  chart  for  correct  time. 

TOTAL  DARKNESS 

k.    Wind  film  onto  film  reel,  taking  care  to  keep  fingers  off  the 
sawlslon. 

5.    Place  reel  into  tank  and  secure  the  l"'d.    Do  not  remove  the 
lid  until  fll»  is  in  the  fixer. 
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6.  Presoak  film  Ju  tap  Witer  for  30  seconds  with^sgl^tlon.  Pour 
out  water. 

7.  Pour  developer  Into  vented  top  and  start  tlpr.    Develop  for 
rccoBsaended  tiae  with  agitation.    Pour  out  developer.*' 

8.  Pour  stop  bath  into  vented  top.    Agitate  for  30  to  60  seconds 
4ud  pour  out. 

9.  Pour  fixer  into  vented  top  and  agitate  continuously  for  60 
seconds.    Check  fila  after  another  ainute  in  the  fixer. 

10.  Wash  the  fil»  UJ^er  running  water  10  to  30  oinutss.    Pour  out 
water . 

11.  Pour  wetting  agent  into  tank  and  let  sit  for  30  seconds.  Pour 

out. 

12.  Hang  filn  for  drying. 

13.  Wash  and  dry  tank  and  reel.    Clean  other  sfsuipnsnt  in  the  lab 

and  iBop  the  floor. 

Tii«e-Te«perature  Processing 

For  correct  deveiopMt,  hoth  tiiw  and  temperature  mat  be  accurately 
controlled— such  techniques  are  known  as  tl»«-t««psrature  processing. 
Within  limits,  tine  can  be  adjusted  for  a  given  tiae.    Norwilly,  v  »per- 

ature  is  naintained  as  a  constant  at  68"F  (20*C) ,  and  tine  of  devtiop- 
aent  is  varied  to  produce  the  desired  results.    There  are  several 
reasons  for  this  standardieatlott.    First  considsr  the  teatperature  at 
68*F  (20*C).    The  gelatin  in  the  eMulsion  swells  svffiqieotly  to  provide 
adequate  penetration  of  the  solution  without  oversof  tenlng  the  eMasion 
to  the  point  i^re  it  becoMS  dangerously  soft  (which  it  does  at  higher 
te«peratures> .    Tes^>eraturcs  lower  than  68*F  (20*C) ,  tend  to  slow 
developaent  excessively  and  »ay  even  cause  chemicals  to  crystallise  out 
of  the  solution.    CInly  when  timm  is  of  utwst  liqportence  are  taapera- 
tures  above  68*F  (20*C)  used.    In  eost  instances  when  very  high  temper- 
atures are  used,  special  chemical  treatment  is  given  the  film,  or  the 
f  11b  is  handled  by  machine  where  it  is  less  subject  to  handling  damage. 

The  time  element  is  seldom  of  sufficient  importance,  except  under 
emergency  conditions,  to  becoaw  signiflcsnt.    Since  a  several-degr^ 
irise  in  temperature  will  shorten  the  developing  time  only  a  reUtively 
short  amount,  there  is  little  to  be  gained  sad  "«ch  to  be  lost  by 

changing  the  temperature  from  the  standard  68  F  (20  C), 
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e8'F(20.0"'C> 
6B°F(18.3"C» 


TIME-TEMPERATURE  DEVELOPMENT 


/ 


TIME  OF  DEVELOPMENT  (MINUTES) 


INYEIW^ITTENT  AGITATION      .  .^.^^-^ 
EXAMPLE:  GOOD  RESULTS  WILL  BE  ACHIEVED 
WtStSk^IA"  at  3%  MINUTES  AT  70'F,  AJIt) 
•TJK  BO"  AT  BO  MINUTES  AT  eS'F  ^ 


Figure  6-2.    Tiae-Teaperatufe  Table 

There  la  a  definite  correlation  between  time  and  temperature  as 
shown  on  the  sample  time- temperature  graphs  In  flg>»re  6-2.    When  it  is 
impos-lble  to  maintain  solution  temperature  at  Jj^^ 
caTbe  shortened  or  lengthened  to  coapeneate.    As  the  temperature  rises, 
developing  time  muet  b«  decreased  to  provide  equivalent  development,  as 
the  tifflparature  drbps, , developing  time  must  be  Increased  to  provide 
equivalent  development. 

RETICULATION.    At  this  time,  it  is  Important  to  recognize  a  problem 
related  to  solution  temperature.    The  temperature  of  all  solutions 
(developer,  rinse,  fixing  bath,  and  wash)  should  be  as  near  to  each 
other  as  possible.    If  there  Is  considerable  difference  In  the  tempera- 
ture between  the  solutions,  the  emulsion  is  subjected  to  excessive 
axpanaion  and  contraction  which  nay  cause  it  to  wrinkle  and^or  crack. 
This  effect  is  known  as  reticulation  and  gives  the  negative  surface  a 
laather-llke  appearance.    Nonnally.  it  renders  the  negative  useless  for 
printing,  since  reticulation  is  not  correctable. 
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Archival  Quality 

Archival  quality  in  photoipraphy  iMasu  tha  '^kaaplng  property  of  tha 
final  photographic  product*' — not  for  daya  or  waaka  tmt  for  wuiy»  wmy 
years.    This  means  that*  If  a  photographic  natorial  hao  bean  procassad 
to  archival  quality*  the  material  vill  not  deteriorate  with  tha  passing 
of  years. 

Every  step  in  the  photographic  process  orust  ba  given  caraful  con- 
sideration to  produce  materials  of  archival  quality.    Norsially*  the 
composition  of  the  developer  will  have  no  effect  on  archival  quality. 

Hovever*  fixing  in  a  fresh  fixing  bath  is  a  must  in  the  '^heaping 
quality**  of  your  final  product.    When  Hashing  this  final  product »  uae 
properly  conditioned  water  in  an  adequate  flcm  across  the  surface  of  the 
emulsion.    There  will  always  be  some  residual  hypo  left  in  tha  eisulslon 
no  matter  how  long  it  is  washed.    When  this  residual  hypo  has  been 
reduced  to  .0.005  milligram  per  square  inch  or  lass,  it  is  generally 
considered  that  it  will  do  no  damage  to  the  emulsion. 

QUESTIONS 

DO  NOT  WRITE  IN  THIS  SV.    USE  A  SEPARATE  SHEET  OF  PAPER, 


1.  What  is  n^nt  by  the  term  latent  image? 

2.  What  four  factore  in  development  control  the  denaity  of  the 

negative? 

3.  What  are  the  primary  reasons  for  using  e  stop  bath? 

4.  What  effect  does  the  fixer  have  on  the  silver  halldas  in  the 

emulsion? 

5.  What  will  happen  to  the  emasion  if  the  fixer  is  not  reBKnrad? 

I* 

6.  Vihat  is  the  difference  batweea  a  stock  ■olutloa  and  a  ««orkiiig 
solution? 

7.  What  is  the  ideal  teaperature  for  procM.ing  negatlvta  »anually? 

8.  How  often  should  the  fUn  be  agitated  while  it  !■  in  the 

developer? 

9.  Why  la  It  necessary  tj  agitate  the  fila  wttile  It  ie  in  th« 

fixer? 

10.    How  long  should  negatives  be  washed? 
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11.  What  is  the  purpote  of  ualag  a  wetting  agent? 

12.  What  le  the  reUtlimahip  tlae  anii  t«»per«tttre  im  the 
develofment  proceea? 

13.  What  cauaea  reticulation? 

'    U.    What  la  aeant  by  the  tern  archival  quality? 

15.  What  factors  affect  archival  quality? 

16.  List  the  six  tnaln  conponents  of  a  developer. 

17.  What  two  rmluclng  agents  are  found  In  most  standard  developing 
solutions? 

18.  What  la  the  function  of  the  accelerator? 

19.  The  chemical  most  coasonly  used  as  a  preservative  Is  • 

20.  List  the  three  general  types  of  stop  baths. 

21.  List  the  chemicals  most  coeaonly  used  in  a  fixing  bath. 

22.  List  the  three  common  fixing  baths. 

Exercise  1 

PKOCEDURBS 

Using  a  separate  sheet  of  papsr.  natch  the  following  terms.    DO  NOT 
WRITE  IN  THIS  SW. 


a. 

solvent 

g- 

stop  bath 

b. 

developing  agent 

h. 

plain  fixing  baths 

c. 

Accelerator 

1. 

acid  fixing  baths 

d. 

preservative 

j. 

silver  hallde  solvent 

e. 

restralner 

k. 

hydroqulnonc 

t. 

metol 
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 ^  1.  A  soft,  quick  working,  low  constrast  r«ducliig  agent. 

 2.  Energizes  the  deiveloping  agent  i 

  3.  Changes  the  unexposed  silver  halides  to  a  water  soluble  salt. 

_      4.  Water. 

  5.  Makes  the  developer  oore  selective. 

  6.  Prevents  excessive  oxidation. 

 7.  "Neutralizes  the  developer. 

  8.  A  slow  working,  high  contrast  reducing  agent. 

 9.  Changes  the  exposed  silver  halides  to  black  taetallic  silver. 

 10.  Contains  nothing  taore  than  sodlus  thlosulfate. 

 ^11.  Contains  >9d4Aapi  thlosulfate  and  acetic  acid. 

—  Exercise  2 

EQUflPMENT  %A9tB  of  Isaue 

35nB  developing  tank  1/atudent 

3SnB  reel  1/student 

Interval  Timer  1/2  students 

Scissors  1 /student 

FlljM  Cassette  Opener  l/stiul-nt 

Thenwiicter  1/2  stiblents 

Graduates     ,  a/student 

Laboratory  Facilities  1 /class 

Flln  Dryer  1 /class 

FROCEmm^ 

1.  Set  up  processing  lab  as  described  In  SW. 

2.  Dilute  cheMstry  to  the  proper  dUutlon  mm  given  by  inscrwetor. 

3.  Process  flla  following  the  procedures  described  in  SW. 

4.  Clean  lab. 
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THE  PRINTING  PROCESS 

OMECTIVES 

Idfintlfy  the  auijor  character iitlci  of  photographic  paper. 

Using  pravioualy  axpoaed  negatiVM  mad  a  projactioa  printer,  expose 
and  proeeiie  projection  printa.    Printi  muit  be  free  of  exposure  and 
procftseing  defects. 

INTODVCTIOM 

Vott  have  learned  two  fundaaental  steps  in  the  photographic  process. 
Hotfcver,  taking  the  photograph  and  developing  the  filn  are  only  two  of 
thfli  aeceeaary  steps.    To  complete  the  process,  it  is  necessary  to  print 
th«  negative  and  produce  a  positive  iaag»  havii^  approxioately  the  saro 
Cones  as  the  original.    This  positive  iaage  is  usually  nsde  on  sensi- 
tlmd  paper        ia  called  a  photographic  print. ' 

The  quality  of  the  inutge  on  a  print  can  be  varied  by  the  choice  of 
prlotlsg  naterial,  exposure  and  processing.    Many  of  the  deficiencies 
vhlch  nay  exist  in  the  negative  can  be  corrected  in  the  print,  ^cause 
of  this,  it  is  inportant  to  have  a  working  knowledge  of  all  the  materials, 
tqiAlpsient  and  procedures  necessary  to  produce  the  desired  results. 

INTOMATION 

PRINT  MATERIAL 

The  following  information  describes  conventional  printing  papers 
U8#d  in  printing  black-and-white  negatives.    See  figure  7-1  for  a 
crois-ieetion  of  paper  structure. 

Faptr  Structurs 

THE  PAPER  BASE*    The  paper  used  as  a  base  supporting  the  emulsion 
mimt  have  ipmclfie  properties.    Xt  taust  be  of  the  highest  quality  and 
puTltyi  free  from  any  foreign  or  n^tallic  particles  which  night  react 
vlCh  the  emulaion  or  the  solutions.    Chemicals  used  in  the  manufacturing 
of  thai  paper  stock  must  be  neutralienl,  or  they  will  affect  the  perman- 
ency And  quality  of  the  photographic  Image.    The  paper  must  be  strong 
<ad  rmsilient  to  withstand  prolonged  laaarsion  and  handling  in  the 
vairious  solutions.    It  must  be  as  white  as  possible  (bleached),  opaque 
and  evmly  flexible.    Usually,  the  paper  base  is  made  from  a  very  pure 
sulfite  pulp  stock  and  eo«es  in  three  weights— light,  single,  and  double 
Miifht, 


FILM  STRUCTURE  PAPCR  STRUCTURE 


Figure  7-1.    Cross'-Sectloii  of  Fllsi/Paptr  Structure 

THE  BAEYIA  AHD  GELATIN  COATING.    If  th«  Mmlsion  «ttr«  coAt^  onto 
the  paper  base  without  the  baryta  (bariua  sulfate)  and  gelatin  coating, 
the  emulsion  would  SQak  Into  the  psper  fibers.    The  resultant 
would  be  extrenely  weak  unless  a  large  quantity  of  eaulslon  wsre  used. 
Not  only  does  the  baryta  and  gelatin  coating  act  as  a  "filler,"  it  also 
aids  the  reflecting  ability  of  the  paper. 

The  Araed  Forces  use  another  paper  treated  with  a  solution  of 
cellulose  aceUte  which  aakes  the  paper  wster  resistant  ani  retires  • 
sub»tratu«  coating,  the  saae  as  for  fll»  bases.    This  paper  Is  used  for 
rush  printing  assignscnts  calling  for  rapid  processing  in  conventional 
chenlstry. 

THE  EMULSION  COATING.    The  eaulslon  coating  Is  a  light  seneltlvo 
layer.    It  consists  of  millions  and  BUllons  of  tiny  microscopic  sUver 
hallde  pattldee  iadiedded  or  suspended  In  gelatin.    Ths  charact«rlstlcs 
of  the  ewtlelon  arc  detmlned  by  the  kind  and  eoablnatlon  of  silver 
halldes,  the  siae  of  the  sUver  halldes,  how  evenly  distributed  they  are 
In  the  gelatin,  and  the  addition  of  dyee  airf  other  chittlcale  in  the 
enolslon  along  with  the  quality  of  the  geUtln  itself. 
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THE  OVERCOATING.    The  overcoAtiog  conalsts  o£  a  thin  layer  o£ 
gelftClQ  which  acts  at  »  protactor  to  the  aaulsloa  underneath,  durlog 
aomX  handliog  and  aa«  o£  ttitt  Mtarltl.   tflthottt  this  ^ratsctive  over- 
coating, the  sere  act  of  placing  one  aheet  e£  paper  on  top  ol  another 
would  be  autticlent  to  cause  minor  acratchea  and  abrasion  narke.  These 
would  ahow  up  after  proceesing.    However ,  this  overcoating  will  not 
protect  the  eiulBion  uwler  rough  or  abusive  handling. 

PAPER  SUIFACI^.    The  surface  of  a  paper  is  a  cmhlnetion  of  texture 
and  finish.    The  texture  may  be  smooth,  fins  grained  or  rough.  In 
addition,  there  are  many  artificial  textures  auch  aa  silk,  canvea, 
Bu^e,  etc. 

Glessy,  soalglossy,  aeainatte  and  matte  are  the  most  ue«d  finishes. 
However,  these  nay  be  described  by  other  nanea  such  es,  half -matte, 
luatre,  semilt!»tre,  velvet,  etc. 

Enlarf.lng  papers,  and  to  a  leseer  extent,  contact  papers,  are  made 
with  a  variety  of  surfaces.    This  variety  offers  the  technician  and 
photographer  the  opportunity,  through  aelection,  to  isqtrove  the  photo- 
graph.    Ha  can  choose  ths  paper  most  suitable  to  match  the  mood  or 
character  of  the  sub.lect. 

The  foregoing  Information  covers  the  physical  makeup  of  the  paper. 
Thia  will  give  you  a  better  undarataiuling  of  how  this  naterial  is  con> 
structed.    Next  you  will  delve  into  the  characteristics  of  various  papsr 
amulsions  to  discover  how  they  react  to  light. 

Eamlaion  Characteristics 

SltVEE  HALIDES.    There  are  three  sUver  halides  which  are  used, 
either  separately  or  in  eotfbination,  for  most  of  the  smsitized  photo- 
graphic naterials  on  ths  market  today.    These  are  silver  Iodide,  silver 
chloride  and  ailver  bromide. 

o      Silver  chloride  is  used  by  ItaeXf  for  making  contact  paper 
^ulalotts.    It  is  also  added  to  silver  bromide  to  nake  the  popular 
"chlorobromlde"  projection  papers.    Since  silver  chloride  is  slower  in 
its  response  to  light  than  silver  bromide,  the  greater  the  percentage  of 
ailver  chloride  tn  ailver  bronide  in  the  emulsion,  the  slower  the 
eaailslon  will  be.    The  so-callsd  warm-toned  slow  projection  papers  have 
a  greater  percentage  of  silver  chloride  than  silver  bromide. 

o      Silver  bromide  is  the  fastest  at  the  ailver  halides,  and  Ita 
response  to  light  is  increased  even  more  by  the  addition  of  a  small 
quantity;  of  silver  iodide.    Silver  brcmide  is  slowed  down  by  ths  atblition 
of  silver  chloride,  which  nake a  it  suitable  for  projection  paper  emul- 
sions.   Uaually,  f^en  there  is  a  greater  percentage  of  silver  broaide 
than  of  silver  chloride,  it  is  called  bromide  paper. 
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EMULSION  TYPES.    Thftre  ar«  four  types  o£  esnilalonc  uaed  In  coating 
paper  chat  include  ths  above  silver  halidea  separately  or  in  conbina- 
tion;  silver  chloride  for  contact  paper,  alov  chlorobroaide  for  warn 
tone  conuct  paper,  silver  bromide  for  projection  paper  and  fast  chloro- 
broaide for  warm  tone  projection  paper. 

o      Silver  Chloride  Paper  (Graded  Contrast).    These  paers  have 

only  siver  chloride  In  the  enulaion.    The  senstlvlty  of  theae  papers  is 
compa'-at  ix'ely  slow,  making  them  suitable  for  contact  printing.    This  low 
sensitivity  under  artificial  light  permlta  handling  with  bright  yellow 
safellght  (Wratten  00)  or  safelights  Intended  for  other  conventional 
papers.    Development  takes  about  45  to  90  seconds  in  AFD  #25,  (D-72) 
diluted  1:2,  at  70»F  (21.4'C).    This  produces  blue-black  tones. 

o       Slow  Chlorobromlde  Paper  (Graded  Contrast) .    Eraulalons  of  this 
type  contain,  primarily,  silver  chloride,  combined  with  small  portions 
of  silver  bromide. 

Sensitivity  of  this  paper  is  about  10  tinea  faster  than  chloride 
papers.    This  makes  It  ideal  for  faster  contact  printing  and  soactimes 
for  enlarging.    The  Increased  sensitivity  makes  it  necessary  to  use  a 
yellow-green  safellght  (Wratten  OA)  or  safelights  designed  for  use  with 
equally  fast  or  faster  papers. 

o       Silver  Bromide  Paper  (Graded  Contrast).    These  papers  are  fre- 
quently referred  to  as  bromide  papers.    The  emulsion  contains  only 
silver  bromide ,\  though  frequently  a  trace  of  silver  iodide  will  be 
added . 

Bromide  papers,  being  the  most  sensitive  of  the  printing  materials, 
are  100  to  1000  times  more  sensitive  than  chloride  or  contact  papers. 
These  papers  are  used  mainly  for  enlarging  due  to  the  lower  intensity  of 
the  printing  light  and  the  distance  between  the  light  source  and  the 
paper.    The  sensitivity  of  bromide  paper  Is  such  that  even  a  very  weak 
light  will  fog  it;  therefore,  they  should  be  handled  under  a  yellow- 
green  safellght  (Wratten  (OA)  using  a  bulb  of  no  laore  than  15  watts  at 
a  distance  of  about  4.1/2  feet.    Developiumt  in  AFD  #25  (I>-72)  for  two 
minutes  produces  very  deep  and  pure  blacks. 

o      Fast  Chlorobromlde  Papers  (Graded  Contrast).    Fast  chloro- 
bromlde papers  have  an  emulsion  consisting  of  silver  brc^lde  ami  smaller 
amounts  of  silver  chloride.    Occasionally,  small  portions  of  silver 
iodide  Is  also  used.    These  papers  are  not  quite  as  fast  as  plain 
bromide  oaulslons.    Even  though  they  are  used  mainly  for  projection 
printing,  they  require  as  much  as  four  times  the  eicposure  as  bromide 
papers. 

CONTRAST.    Density  can  be  referred  to  as  the  nnntnt  of  metallic 
silver  deposited  In  any  area  of  an  elision.    The  difference  between  the 
densities  of  the  various  areas  of  the  emulsion  Is  called  contrast. 
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A  brt^t  AVm  of  •  subject  r«fl«ctf  the  grwitwt  amount  of  light  «nd, 
th«r«for«,  cmlM  thm  hiihliglit.   Coiiv«?««Iy.  ««iy  ««*  fjfUcting  Itttla 
or  sd  iliht  e«i  b«  cai»4  tt»  ■badov  th«  iubltct  ferigh^s* 

bstmn  thai*  htghlighta  and  fhndow  «r«  kaown  «•  the  aUdle  tonee.  Tttm 
dlff«r«ne«  In  brlgbtnee*.  fra«  highlight*  through  the  middle  tonee  to 
thft  •hadowe,  U  refercad  to  aa  tha  itthjact  contraat.   Hor»l  laage  con- 
trast la  rapraaentad  by  a  fuU  raaga  of  danaitUe.  Including  bighllghte, 
•IddU  tonaa,  and  ahadowa.   High  iJMga  contipaet  does  not  have  a  full 
range  of  daaaitUa  and  eonalata  only  of  highllghta  and  ihadova  vlth 
little  or  no  gradation  batwean.    Low  iaaga  contraat  haa  vary  little 
difference  in  denaitiae. 

Graded  Contreet  Paparor  Moat  papere  are  Made  in  several  contraat 
gradaa.    Thia  range  of  contraat  la  aaecntial  for  the  pt^tographar  who 
vanta  to  produce  the  teat  poialble  print  fr«i  any  type  of  negative— fro« 
eoft  to  hard.   Graded  contraat  emilalona  era  prlaarUy  tansltiva  to  blue 

light. 

Each  aanufacturer  of  photographic  printing  paper  haa  claeeif lad  the 
range  of  contraete  according  to  hia  own  atandardi.    Therefore,  the  paper 
of  a  particular  grade  nuabar  and  daacrlptlon  way  not  agree  with  that  of 
another  carrying  the  seM  deacription.    However,  papers  currently  avail- 
able ecmforw  in  a  broad  eanae  to  the  following  ecala. 

No.  0  —  Extra  Soft 

No.  I  —  Soft 

No.  2  —  Noraal  or  Kadium 

No.  3  —  Hard  or  Coatraaty 

No.  4  —  Extra  Hard  or  Extra  Contraety 

No.  5  —  Ultra  Hard  or  Ultra  Contraat 

Gradaa  0  and  S  are  not  available  through  normal  military  supply 
channalB* 

A  normal  or  aedium  grade  paper  la  accepted  aa  the  one  giving  the 
best  print  from  an  average  negative. 

Using  a  soft  paper,  with  an  average  negative,  wHl  yield  a  print 
without  much  tone  gradation.    The  entire  picture  would  be  shadaa  of 
gray,  with  no  real  blacka  and  no  light  highlights,    tow  contrast  papers 
are  uaed  with  high  contreet  negativaa  to  produce  prints  with  normal  or 
near  normal  contraat.    Printing  an  average  negative,  on  hard  paper,  will 
be  over-contraaty.    All  the  light  tones  would  be  white,  while  the 
darker  areaa  wUl  be  aolid  bUck.    High  contraat  papers  are  used  with 
low  contrast  negativaa  to  produce  prlnte  with  normal  or  near  normal 
contrast . 

Variable  Contraat  Papere.  Variable  contrast  papers  offer  eeveral 
advaneagaa  over  graded  contraat  papers.  Probably  tha  first  is  that  of 
•conomy.  since  fewer  boxes  of  paper  would  be  required.    Secondly,  as 
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MAXiy  «s  10  grad«a  of,  roaciTMt  «r«  av*ilablc«  thcotifh  the  u««  o£  CU,6cr«, 
covpared  to  four  or  five  vlth  gradod  coatrast.    To  pcndt  thia  fuoction, 
variable  contrast  esulslona  auic  be  aensitlve  to  both  blue  and  green 
light.    Another  advantage  Is  In  the  asnunt  of  storage  space  needed. 
With  variable  contrast  it  is  considerably  less  than  vlth  graded  contrast 
paper. 

The  structure,  surfaces,  and  finishes  of  variable  contrsst  papers 

corpa'-e  favorable  %rith  those  of  graded  contrast  papers,  with  this 
exception — the  eoulsion  or  sensitised  coating. 

VoBt  variable  contrast  papers  are  coated  vith  s  single  layer  of 
esmlsion  in  which  the  larger,  faster  halides  are  sensitlaed  to  green 
light  to  produce  the  lov  contrast  component.    The  renainlng  halides 
respond  only  to  blue-violet  lights    It  is  obvious  that  green  light  will 
produce  ninimoi  contrast  while  pamxitwa  contrast  will  be  derived  fro«  the 
blue-violet.    Intem^iate  degrees  of  contrast  are  obtained  by  crabining 
varying  amounts  o£  blue  and  green*    The  lomr  the  asount  of  green,  the 
higher  the  contrast,  the  lower  the  aiiount  of  blue,  the  lower  the  contrast. 

MX  variable  contrast  papsrs  are  sensitive  to  blue  ami  green  light 
in  varying  degrees.    It  is  easy  to  see  that  high  contrast  filters  are 
JUjalsh  its  color,  but  you  nay  be  {hissI^  by  thm  fact  that  low  contrast 
filters  are  yellow.    Why?    A  filter  has  two^  functions  to  perform;  it 
must  transmit  the  color  of  light  desired  and  it  must  absorb  those  colors 
not  desired.    The  low  contrast  filter  mint  tranwit  green  and  absorb 
blue-violet.    A  green  filter  that  would  absorb  the  blue-violet  would 
have  to  be  very  dense.    Therefore,  your  exposures  would  be  rather  long. 
Since  yellow  is  very  efficient  in  absorbing  blue,  a  meditmi  yellow  filtcnr 
will  do  a  very  good  Job.    Yellow  is  a  combination  of  red  and  green.  The 
paper,  being  insensitive  to  red,  will  only  be  affected  by  the  green 
portion.    By  using  yellow  instead  of  green  for  low  contrast  filters, 
long  e^cposures  can  be  avoided. 

Most  variable  contrast  papers  will  produce  a  cuirmal  contrast,  i^ual 
to  d  #2  graded  paper,  when  exposed  without  a  filter.  ^ 

Variable  contrast  printing  filters  are  available  in  two  sets,  one 
made  by  OuPont  and  the  other  made  by  Eastman  Kodak  Coiqiany.  DuPont 
filters  are  made  of  an  optical  grade  plastic  aod^j^l  withstand  con- 
tinuous hei^t  up  to  140*F.(60*C),  without  warpings    Thmse  filters  sre 
numbered  from  #1  (low  contrast)  through  #10  (high  contrast) ,  15  is 
considered  to  be  equivalent  to  contrast  2  graded  paper.    Kodak  '*Poly-- 
contrast^  filters  are  made  of  optical  grade  plaatic  too  and  have  tlui 
same  qualities  of  BuPont  filters^  except  for  the  number  of  filters  per 
set*    Kodak  filters  are  numbered  to  correspond  with  a  similar  graded 
contrast  paper,  thus  1,  1  1/2,  2,  2  1/2,  3,  3  1/2,  and  4. 
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Variable  contrtivt  papera,  unllka  gr«d«i  contrast  papers i  cannot  bfi 
tmwtltfi  under  WrAttan  00  or  0^  Mfalighta  tdehout  Cogging.  Hotrnvcr, 
both  typ«4i  of  i^pws  My  hm  htmdlw^  ttodvr  Da^iie*ft  S5$-X  or  XOd«lt*s 
VrAtttn  OC  aAfolight  fUtoro.    Iliioo  fliCMt  are  brovnlJih  yoXlow  in 
color  And  afford  •xeoXlonc  light  for  judging  print  quality.    Sot  figur«^ 
7-2  Cor  proper  Mfoliftit/papor  eottbinntion*. 


SAFELICm  FILTERS 

PAPERS 

GRADED  CONTRAST 

VARIABLE  CONTRAST 

CONTACT 

FROJECTXON 

CONTACT 

PROJECTION 

Vrotton  00 

X 

Urntten  OA 

X 

X 

Vrotton  OC 

X 

X 

X 

X 

OuPont 

X 

X 

X 

X 

Figure  7-2.    Sa£olight  -  Paptr  Coabloation  Chart 
Scoraga  and  Handling 

Nanufacturars  package  their  produce  either  for  doaeatic  uae  or  for 
export.    Mater iala  intmided  for  export  or  for  uae  wherever  high  relative 
huaidity  ia  prevalent  are  packaged  in  Boiature-proof  containere  which 
ara  vapor  tight  and  water  tight.    Packaging  for  export  ia  ao  labeled  on 
tha  individual  unita  aa  wall  aa  on  the  ihipping  car tone.  Materials 
intended  for  normal  do«eatlc  use  nay  be  packaged  in  Miature-reaiatant, 
but  not  in  water  tight  and  vapor  tight  containera.    You  ahould  aaauoe 
that  any  unlabelad  package  la  Intandad  for  doaeatic  uae,  and  handle  it 
accordiiogly.    Do  not  keep  aenaiticed  papera  undar  rafrigaration  once  tha 
eealad  paekagea  hava  bean  broken,  unlaaa  the  refrigerator  can  be  held  at 
50  to  60  percent  relative  huaidity. 

Store  individual  packages  of  fila  and  paper  on  end  ao  that  the 
weight  of  tha  contenta  ia  on  the  edges  of  the  fila  and  paper.  You 
should  alao  atore  aaterial  with  the  aarlitst  esqiiration  date  to  the 
front  of  the  atack.    Thia  enables  you  to  use  the  aaterial  with  the 
earliest  expiration  date  firat.    However,  when  it  ia  known  that  the 
paper  that  ia  due  to  be  uaed  next  has  been  stor«i  or  shipped  under 
unfavorable  conditions,  and  a  highly  critical  aiaslon  U  to  be  printed, 
use  the  freah  aaterial. 

Paper  reaoved  froa  cold  storage  areas  must  be  adjuated  to  room 
teaperature  before  the  packages  are  opened.    This  will  prevent  aoisture 
condensation  on  the  paper.    Bring  the  paper  to  room  teaperature  over  a 
period  of  at  leaat  eight  houra  prior  to  use.    Longer  ti'nes  are  required 
for  wara-up  if  tha  paekagea  are  stacked. 
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FUNQAMENXALS  OF  FRXNTIMG 


FhocogTAphlc  prlaetng  !•  ths  procMt  of  p«mictln«  light  to  pwi 
through  a  nogAtiv*  to  «xpoi«  ■•noltlsod  Mt«ri«l  Cphotographic  pap«r>. 
the  exiwsure  can  be  made  either  by  placing  th«  negative  in  contact  vitb 
the  sjensitized  suterial  (contact  printing)  or  by  projecting  the  negative 
Image  onto  the  material  (projection  printing) . 

Projection  Printing  Principles 

The  proceaa  of  projeccion  printing,  alao  known  aa  anlargtwant 
printing,  anablea  the  ptu>tographer  to  prepuce  printa  aeali^  larger  than 
the  negativea>    In  contact  printing  there  la  a  one-to^oa  ralationahip 
between  the  size  of  the  print  and  the  aise  of  the  negative.    That  la, 
the  print  is  the  aame  aise  aa  the  negative.    Today*a  praciaion  inatru- 
menf.s — caseraa  and  enlargera-xara  capable  of  tranafoming  amall  negative 
images  into  large  prints  of  good  quality. 

PRINTERS.    An  enlarger  is  capable  of  producing  only  enlarged 
prints,  while  a  projection  printer  can  produce  cnlargementa  on»-to-ono 
prints  or  even  reductions.    The  proper  wmendature  for  the  printer  uaed 
in  this  course  is  projection  printer. 


PRINCIPAL  PARTS  OF  A  PRINTER.    The  printer  head  contains  a  light 
source,  negative  holder  and  lenses  and  la  connectad  to  a  rigid  vertical 
column.    The  head  can  be  adjuated  higher  or  lower  on  thia  coluao  to 
increase  or  decrease  image  aise.    The  light  source  can  be  an  iocan'- 
descent  bulb  or  a  tubular  fluoreacent  lamp.    Host  often  it  is  wsk  in- 
candescent bulb. 

The  light  from  the  lamp  falla  upon  a  condenser  system,  which  dis- 
tributes light  evenly  over  the  negative  thua  giving  uniform  illumina- 
tion.   The  condenser  is  arranged  aa  a  pair  of  convex  lenees  or  as  a  flat 
piece  of  frosted  (diffusing)  glass.    The  negstive  carrier,  IcHuitad 
between  the  condenser  system  and  the  main  lens  'below.  Holds  tlie  negative 
flat  and  level. 

A  bellows  is  located  uwler  the  negative  holder.    Xt  pefvlta  met* 
refined  distance  adjustments  from  the  main  lens  to  the  printing  pefNUr. 
The  bellows  serves  to  focus  the  image  clearly  ^ipon  the  printing  paper* 
(It  is  focused  by  turning  a  knob.)    Like  a  camera  lens,  the  enlarger 
lens  bends  light  rays  to  project  an  image  to  the  focal  plane,  which  in 
projection  printing  is  the  printing  paper.    The  leas  also  contains  a 
diaphra^,  vHiich  regxilatee  the  ammmt  of  light  peeelQi  through  the  lens. 

At  the  base  of  the  verticel  column,  a  platform  sispporte  the  etvitc- 
ture  of  the  «ilarg«r  asid  the  easel.    The  easel  holds  the  |Ni^  flat, 
level  and  in  proper  position  to  record  the  image  projectmd  from  the 
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Figure  7-3.    Condsninr  ttxtA  Diffusion  Printars 
Types  of  Irincera 

Printers  exlat  in  aeny  different  brands  with  a  variety  of  control 
Mchenlswa.    They  can  be  classified  according  to  two  basic  optical 
■ystMu;    one  is  the  diffusion  enlerger,  the  other  is  the  condenser 
enlarger.    See  figure  7-3. 

DIFFUSION  ENLARGISE.    In  a  diffusion  opticel  syetea  a  sheet  of 
frosted  glass  scatters  the  light  rays  froa  the  leap  over  the  entire 
negeCive.    Because  thm^  light  reys  scatter  in  all  directions,  some  light 
reys  never  reach  Chi  negative.    Other  rays  overlap  and  the  result  if  an 
overall  loss  of  light  before  it  enters  the  main  lens.    Therefore,  prints 
Made  by  a  diffusion  eAlai!>yer  tend  to  have  softened  details  and  a  rather 
diffused  appearance.    Because  of  the  loss  of  a  certain  amount  of  laage 
quality,  the  diffusion  systea  is  not  recoaaended  for  ae  lal  work.  In 
asrial  work  iaage  sharpness  is  the  utaost  conceim. 
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CONDENSER  ENLARGER.    A  superior  system  for  directing  light  froia  Its 
source  through  the  negative  and  Into  the  enlarging  lens  Is  the  conde>ts«r 
system*    It  Is  based  upon  two  saucer-shaped  lenses  whose  convex  sides 
are  Inter facend.    This  arrangasent  gathers  light  and  spreads  the  beams 
uniformly  and  directs  then  through  the  negative.    This  systen  loses 
little  light  and  directs  more  light  to  the  printing  paper.    The  straight 
line  of  the  projection  minimizes  the  overlapping  of  light  rays. 

The  condenser  enlarger  reproduces  the  maximua  amount  of  detail  In 
the  print*    For  this  reason,  neg^atlve  defects,  such  as  surface  scratches, 
often  become  apparent  on  the  print.    With  the  condsnser  enlarger ,\the 
projected  Image  Is  contrastier  than  with  a  diffusion  type  printer. 

The  EN-52B  Projection  Printer 

The  EN-52B,  a  condenser-- type  projection  printer,  Is  used  in  this 
course.    The  main  features  are: 

1*      Lens  and  ^iDunt  Assemblies  -  f/3.5,  SOtom;  f/4.S,  lOSmm  and 
f/4»3,  150mm  focal  lengths;  all  shunts  are  equipped  with  an  f /number 
Illuminator. 

2.  Heat  Absorbing  Glass  -  5-lnch  (12.7cm)  diameter. 

3.  Condenser  Lens  Assembly  *  two,  7-*lnch  (17.78cm}  diaaster  plane 
convex  lens. 

4.  Spool  type  Photographic  Negative  Carriers  -  six,  consisting  of 
JOrnm  single  frame  glassless,    70mm  glassless,  70Bmi  (120  aperture) 
gl^sless,  2  1/4  X  3  1/4  inch,  (3.72  x  8.25cm),  glass  and  a  4  x  S-inch 
iitJ.16  X  12.70cm)  glass. 

The  operating  controls  and  principal  parts  of  the  EN-52B  are 
listed  in  figure  7-4. 

The  projection  printer  may  be  rotated  on  its  base  to  permit  the 
negative  to  be  projected  onto  the  floor  or  at  an  Intermediate  IsViJl  in 
order  that  enlargements  of  a  sije  greater  than  11  x  14  (27.94  x  35.56cm) 
Inches  may  be  made.    Hold  the  carriage  and  girdsr  securely,  loosen  the 
three  cap  screws,  and  secure  the  three  rotary  clamping  padsr    Kotate  the 
girder  180^  on  the  base  and  secure  it  in  this  position  with  the  cap 
screws. 

CAUTION 

Before  rotating  the  girder  and  carrlaga  for  projection 
to  the  floor,  you  must  secure  the  base  board  to  the  table  with 
'•c"  clamps  to  prevent  the  projection  printer  from  overturning. 
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The  Photographic  Projection  Printwr,  EIi-52B  is  v«ry  •l«ilar  to  th« 
Type  B-15B  Photographic  Projection  Printer.  In  fact,  awst  of  the  p«rt9 
and  accessories  are  interchangeable.    The  najor  differences  ares 

o       Condenser  spacer  retainers  mist  be  In  the  center  of  the  f il« 
stage  opening  to  avoid  possible  cutoff  of  the  projected  iaage. 

o       Heat  absorbing  glass  is  inserted  into  top  of  variable  con- 
denser lamp  house  after  raaoving  lamp  house  and  condenser  assMbly  and 
disconnecting  the  cable  from  the  elapsed  tlae  indicator. 

^  The  plug  from  the  lamp  house  cable  Mtst  be  connected  to  the  recept- 
acle of  the  elapsed  time  indicator  and  the  cable  of  the  elapsed  ximm 
indicator  must  be  connected  to  the  power  source.    This  assures  tl«c-in- 
use  record  when  feed  through  switch  is  ON. 

The  accessory  carrying  case  and  the  elapsed  time  indicator  are 
exclusive  items  with  the  EN-52B. 

EN-52B  Operating 'Procedures 

Operate  the  projection  printer  as  follows: 

1.  Check  the  condenser  lens  to  see  that  it  is  properly  positioned 
in  the  lamp  house  asssnbly.    Set  the  caa  follower  wheel  on  the  ca«  so 
that  it  is  matched  with  the  proper  lens. 

NOTE:    Matching  cam  and  lens  are  identified  by  the  matching  pert 
number  inscribed  on  the  lens  and  cam  identification  plate. 

2.  After  an  initial  manual  adJustiMttt,  the  lens  is  kept  in 
proper  focus  for  all  magnlf icetione  by  an  auto-focusing  device.  This 
device  consists  of  a  special  cam  cut  to  match  the  characteristics  of  the 
lens  and  a  cam  follower.    The  cam  follower  changes  the  lens  to  object 
(negative)  distance  as  the  printer  housing  is  wwed  up  or  down,  chenging 
the  lens  to  image  distance.    When  lenses  are  changed,  the  cam  follower 
must  be  changed  to  the  matching  cam. 

3-    Select  the  appropriate  si«e  negative  carrier  for  the  negative 
being  printed,  raise  the  lamp  house  assembly;  Install  the  negative 

carrier  on  the  film  stage. 

a.  Insert  negative  with  emulsion  (dull)  side  down  on  the 
bottom  plate  of  the  carrier. 

b.  For  aerial  roll  film,  insert  the  fila  in  the  left  bracket 
assembly  of  the  spool- type  carrier,  thread  and  attach  it  to  the  aipty 
spool  in  the  right  bracket  aasaribly,  rotate  the  crank  handle  of  the 

right  bracket  assembly  to  bring  the  desir^  n^atlve  into  position. 
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Lovar  tha  laup  houaa  Aaaaably< 


d.  Sat  tl»  va«l*Wa  coatraat  flUar  tu««  aaawbly  lo  that 
tha  blank  opantng  la  hsioif  tha  lana.    Sat  the  lana  apartnt*  ^ 
iumlng  the  dlaphragn  control  counter cXoclofiaa,  and  anap  tha  «aad- 

throu^  awltch  to  OH. 

e.  Place  a  ahaat  of  white  paper  la  the  projection  printing 

eaaeX.  looaan  iha  braka  knob,  and  ralaa  tha  carriage  *»»«*ly  ^ 
highaat  poaition  by  turning  tha  handwhaal  teob.    Focui  by  •^^ing  adjuat- 
a»nta  with  the  focusing  knob  untU  a  aharp  laaga  is  obtained.    Mjuat  - 
the  projection  printing'  eaael  by  uaing  tha  ■argin  control  knoba  to  aet 
•aJh  0?  the  .aaking  blade  ar«a.    Tha  .argln  width  ~rkinga  on  the  mak- 
ing blade  arwi  «iat  line  up  to  tha  dlaanaion  of  the  photographic  paper 
being  uaed.  p  ^ 

HOTE:  After  a  aharp  iaage  haa  bean  obta.tned,  aubaequant  ^aiaing 
end  louaring  of  tha  carriage  aaawbly  to  vary  tha  aixa  of  tha  daalraa 
enUrgaaienta  do  not  affect  tha  aharpnaaa  of  tha  laage. 

f .  Lower  the  carriage  aaaaiably  by  turning  th6  handwheel  knob 
untU  the  daairad  anlargeMt  alw  la  projected  on  tha  ^rtiitap^par  in 
tha  projection  printing  eaael.    Tighten  the  carriage  tMraak  knob. 

CAWTIOH 

To  avoid  da«age  to,4aie  carrier  geara,  always  looaen  the 
braka  knob  before  turtmig  tlm  handwheel f  km. 

g.  Set  the  diaphragp  ring  to  tha  deaired  f/atop^. 

h.  PoBltlon  tha  eaael  to  aaaura  that  'the  deaired  ioage  la 
coapoaed  within  tha  area  indicated  by  tha  aaaklng^ladea . 

i.  Turn  the  tiflie  switch  froi  focua  to  tiae  and  replace  tha 
ifhite  paper  in  the  projection  easel  with  a  ahaat  of  senaitlsad  paper. 
Se  JaSIiti^ad  side'^-uit  be  up  with  tha  top  and  l.£t  adg^  t^t  aginat 
tha  nargin  guides.    Lower  the  hinged  frtae  aiul  sake  certain  that  tha 
position  qf  tha  easal  la  net  disturbed. 

NOTE:    If  varUble  contrast  paper  la  to  be  exposed,  set  the  turret 
assanbly  to  position  the  require*  fUtar  belo%r  the  leaa. 

j.     Set  tha  dfcaired  tjsic  on  the  tiaer,  Tinap  the  toggle  "vijch 
to  the  start  position  and  Me  the  exposure.    The  exposure  ttea  wist  be 
detamined  by  the  f/stop  setting,  the  type  off  paper  being  «^;J»^ 
density  of  the  nagattvaa,  and  tha  degree  of  mgniflcetion  daaltad. 
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After  the  deslrad  tSm  hat  elapsed  ttm  tteer  will  euto* 
loaticeXly  terminate  the  exiK^eure.    fUlse  the  hlng^  Crero  of  the  eeeel 
to  rexaove  the  exposed  print  for  proceesiitg* 

Negative  Evaluation 

Unfortunately  9  there  Is  no  slsaple  answer  to  the  question  of  what  Is 
a  i;?od  negative*    Yet  ve  ksu>w  that  you  neiMl  go<kl  negitlvea  bafore  you 
can  make  good  prints.    We  know  that  you  snould  aia  toward  praducing 
negatives  of  consistent  quality*   %n  this  aectiont  wp  discusa  sons  of 
the  laore  l2&portant  factora,  other  than  davelopsMmtt  which  detanslnea 
whether  or  not  your  exposures  will  develop  Into  quality  nagativaa. 
He ^11  start  by  discussing  the  finished  product«-<*Che  finish^  negative* 

How  should  you  look  at  your  negatives  to  deteradna  If  they  are 
quality  negatives  In  terms  of  density  and  contrast?    Don't  try  to  Judge 
a  negative  by  holding  it  up  to  a  window  or  an  ordinary  rocMi  light  aource. 
This  procedure  ^11  give  you  a  false  impression  of  negative  quality. 
View'  your  negatives  by  ref lectin  light,  light  which  is  reflected  frm 
white  paper.    Another  way  to  view  your  negativea  properly  is  to  place 
thoB  on  a  well-diffused  light  box  daalgnad  for  Jthat  purpoae.    A  very 
practical  method  of  judging  motive  quality  is  to  place  your  nagativaa 
directly  over  a  newspaper  or  magaaina  imge  or  to  view  the  negative  by 
the  light  reflected  from  the  magaslna  or  newspaper  page. 

/ 

A  quality  negative  has  a  wide  range  of  totUMi— a  r«al  variety  of  . 
grays  with  areas  that  will  make  rich  blacke  and  brilliant  vhitae  on  the 
final  print  if  they  are  supposed  to  be  there.    The  variety  of  tones 
should  be  suitable  to  the  nature  of  the  original  lubject.    The  fila 
should  have  been  expqsed  lenough  to  record  all  th^  ii^wrtant  shiutov 
details.    On  the  other  hand,  the  highlight  areas  nust  not  be  too  dense. 
You  should  be  able  to  read  nagaslne  or  nevspaper  type  through  the 
^densest 'parts  of  the  negativeif^viewed  as  diecueiod  above.    By  prac- 
tical def  inition,  a  qualityH^iative  is  one  which,  when  enlarged  during 
the  printing  process,  easily  prints  with  the  norMl  grade  of  enlarging 
paper.    This  negative  has  a  wide  range  of  nicely  separated  tones  all  the 
way  from  the  shadows  to  the  highlights. 

An  underexposed  negative  can  never  produce  prints  to  natch  the 
quality  of  those  from  the  normal  negative.    An  underexposed  negative  has 
only  &  small  range  of  tones,  and  the  highlight  arM  are  too  trans- 
parent.   The  shadow  areas  are  aiisost  clear  and  contain  no  detail. 

A  negative  gets  very  den^e  ttom  heavy  oveEreai^stira.    Agato*  yon 
have  a  negative  displaying  only  a  small  nustber  of  separate  tones.  There 
is  very  little  difference  between  any  two  adjacent  tone  valuas.  Xa** 
larged  prints  from  these  negatives  are  very  low  in  quality  esid  r«|ulra 

very  long  printing  exposures. 

Ml 
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Frojttction  Printing  Se«pa 

FoUow  this  procadur*  vhan  ntking  projaction  prints. 

X.   Clun  th«  working  area  thoroughly.   B«  aura  thac  your  Xabora*' 
tory  and  aquipMant  ara  frM  of  duat»  dirt,  and  othar  foralgn  aatarlsla. 
Bacauaa  atoor  duat  partlelaa  on  tha  nagativa  or  on  tha  glaai  platao  of 
tha  nagatlva  earrlar  hacona  axtr«aaly  m»tieaabla  vhan  anlargad,  elaan- 
llaaaa  la  aapaelally  laportaat* 

2.  Prapara  j:ha  aolutiona. 

3.  Select,  very  carefully,  tha  negative  to  be  printed*    There  is 
a  rule  which  states:    "If  it  ian*t  in  tha  nagatlva.  you  can't  expect  to 
produce  it  in  the  print."   MoriMver,  if  it  la  in  the  negative,  it  vill 
also  show  uii  in  tha  print     To  make  a  good  princ,  especially  an  enlarge* 
Mnt,  you  flutt  start  with  a  gool  negative.    A  good  negative  la  one  free 
froai  surface  scratches,  noderate  in  daaalty  and  contraat.  and  sdaquata 
In  detail. 

4.  Position  the  negatii^  in  a  clean  negative  carrier  with  the 
SMulaion  side  of  the  negative  lacing  tha  lens.    Istsert  the  negative 
carrier  In  its  proper  position  l^to  tlui  projection  printer. 

5.  Turn  on  the  projection  leap  i(nd.  while  viewing  the  iaage. 
Adjust  the  masking  devices  to  elisLnate  extraneous  light  which  may  come 
•fro*  aroui|d  the  outer  edgee  of  tha  negative.    Position  tha  naaklng  araa 
on  tha  eaaal  to  produce  tlui  correct  alta  of  opening  for  the  print  being 
nada.   Adjuat  tha  paper  poaltloalng  davicae  of  tha  aaael  to  naka  tha 
correct  else  borders  to  the  print. 

6.  Place  a  piece  of  white  paper  (the  aaaa  else  ^xA.  weight  aa  the 
printing  paper)  In  tha  eaaal.    Turn  tha  printing  light  on  and  open  the 
dlephraga  to  its  nsKiwim  aperture. 

7.  Adjust  the  poeition  of  die  printer  head  to  give  the  correct 
iMge  sice.    (If  the  projection  printer  is  net  aqulppMl  with  an  auto- 
natic  focusing  device,  it  vill  be  neeesMry  to  focus*    This  aay  change 
the  inage  sice  sufficiently  so  that  tha  printer  head  aust  be  reposition- 
ed.   Kapositioning  the  head  may  naceasitate  refocue^ng.    Continue  this 
procedure  unt.il  the  laage  la  cortaet  la  else  and  is  in  critically  sharp 
focua.) 

8.  Adjuat  the  position  of  the  eaaal  to  produce  the  dealred  con- 
poaltion  in  the  photograph* 

9.  Judge  the  contraat  of  tha  lawga  and  the  density  of  the  nega- 
tive.   (If  you  have  not  davaXopad  the  shllity  to  do  this.  assuM  that 
tha  contraat  la  average  and  give  an  average  espoaure.) 


10.  stop  the  di*phr«g«  down  to  th«  dMir«d  optaiag.    Tha  ajuct 
anotint  that  the  lens  diaphragM  sliotad  ba  cioaad  la  difficult  to  deter- 
nine  without  ezperienec.    Try  to  control  the  illualnation  ao  that  the 
expoaura  requirea  from  five  to  ten  acconds.    For  the  bagi]mer«  1^  la 
auggeatad  that  the  printer  laaa  ba  atoppad  dova  to  three  atopa  froei  the 
aayfiai  aperture.    Thia  ahould  produce  a  long  enough  expoaura  with  u 
average  negative  to  allow  for  accurate  tining.  ^ 

11.  If  graded  paper  1b  being  uaed,  aelect  a  grade  which  you  con- 
sider to  be  of  the  proper  con treat.    If  v«rlable-con treat  paper  la  being 
used,  poaitlon  the  correct  filter  in  front  of  the  lena.    (In  lieu  of 
experience,  aaaune  that  the  negative  hae  noroal  contrast.) 

12.  Under  aafelight  condltioea.  cut  the  aheet  of  projection-print- 
ing paper  into  test  atripa  about  two  Inches  (S  ca)  wide. 

CAUTION 

When  you  finish  using  a  paper  trlmer,  always  leave  the 
blade  in  the  lowered  position. 

13.  Reaove  the  white  paper  fron  the  aaael  and  place  a  teat  atrip 
in  the  easel  with  the  eaailalon  facing  tha  lane.    Ba  aure  to  include 
highlight,  tBlddle  tone,  and  shadow  areas  in  the  teat.    Make  a  series  of 
exposures  on  individual  teat  strips  on  one  test  atrip. 

14.  Process  the  test  strip  or  strips.    Be  sure  to  uae  a  68*F 
(20*C)  solution  te&perature  and  fron  1  to  2  nlnutea  developing  tUM. 

15.  Judge  the  teat  strip  for  contrast  and  axpoaure.    If  the  teat 
does  not  fall  within  the  desired  range  of  tone  and  contraat,  nake 
additional  test  until  both  the  correct  contrast  and  the  correct  expoaure 
have  been  determined.    Use  the  sasue  processing  tine  for  all  tests. 

16.  Using  the  exposure  and  contrast  detenaincNi  by  the  test  atrip, 
make  the  desired  number  of  printa  on  full-slaed  paper.    Be  aura  to 
position  the  paper  in  the  easel  ae  that  borders  and  coaposltlon  are 
correct.    Process  the  prints  for  the  sdne  tlxie  you  used  for  your  tests. 

Print  Processing 

f 

Processing  prints  Is  very  siallar  to  processing  f  Ua.    Many  of  the 
steps  are  the  sasie  and  the  same  principles  of  tlae/temperature/agltation 
apply  to  development ,    Of  critical  iaportanca  are  the  principles  of 
cleanliness  and  the  wet  and  dry  divisions  of  the  lab. 

Tha  developer  used  wUl  have  a  dlffacrent  foraula,  but  its  function 
is  the  saxne  as  for  flla  developing.    The  developer  will  also  have  a 
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dlff«r«iit  dilution.    The  dilution  will  be  I; 2,  or  one  pact  of  d«velop«r 
•cock  lolution  to  two  pMXtm  of  VAt«r.    D«velop«r  fonsulji  S-*??  Mill  be 
us«d. 

On*  HAjcr  dif£er«ac«  la  tha  proc«ii»iag  of  prints  coiip*r«d  to  pre- 
coaaini  tUm  will  ba  the  m  of  MifeXighcs  and  the  uae  of  traya  Inataad 
of  t«nka,    Frlnta  will  b»  aspaaad  and  proeMaad  uoder  a«f  •light  Ulualnation. 

DSVEtOPIlKi.    Aa  soon  «a  tha  princifig  iMip«r  haa  bean  cxpoaad, 
iMMrsa  It  quickly,  gently  and  coaiplataly  In  tha  developer  aolutlon.  To 
keep  freah  solution  washing  over  the  print  throughout  developoMmt ,  rock 
the  tray.    The  agitetion  Miat  be  eaay  enough  not      aplaeh  any  chesd.- 
cala.    Develo[^»at  sluiuld  be  tlned  carefully.    One  could  follow  the 
proceaa  viauelly  and  nake  *  judgcsiant  of  ttMi  print  as  it  eaiergea. 
However ,  In  the  dim  lllunlnaclon  of  «  aefeXight.  an  laage  looks  darker 
and  appeara  fully  developed  before  it  ia.    A  i^od  indication  of  correct 
developaMnt  ia  the  evidence  of  clear  detail  In  deep  ahadoi»  and  bright 
highll«hc«.' 

« 

'    If  left  in  the  developer  for  leaa  tlian  one  ainute.  a  print  typi- 
cally looka  underexpoaed  mkS  nottli^  with  a  limited  tonal  range.  De- 
veloping beyond  two  ninutca  could  cauae  ataining  of  the  print.  The 
print  chat  appeara  too  light  after  two  sinutea  in  tto  developer  ahould 
be  diecarded  and  a  new  print  made  with  a  longer  espoaure. 

STOFPING.    When  develoiHaent  ii  craplated,  the  print  nuat  be  trana- 
f erred  to  the  atop  bath.    (Before  placing  the  print  in  the  atop  bath, 
hold  it  above  the  developer  trey  and  allow  the  axe eat  developer  to  drain 
back  into  ite  tray.)    SutMMirge  tiMi  print  Into  the  atop  bath  aolutlon. 

The  atop  bath  nttitraliiee  the  developer,  halting  ite  chewLcel 
action.    Uaually  the  developed  print  ia  placed  in  the  atop  bath  with 
slight  agitation  for  10  to  IS  aeeooda.    Next,  tlui  print  ia  lifted  and 
exceee  aolution  ia  allowed  to  drain  into  the  atop  bath  tray.    The  print 
le  then  trasef erred  to  the  fixer. 

FIXING.    Imeraion  tlM  in  the  fixer  can  laat  froa  three  to  ten 
■inutea,  depending  on  the  type  of  paper  and  fixer  us^.    It  la  a  good 
idea  to  agitate  the  print  froai  tiaui  to  tine  while  it  ia  in  the  fixer. 
Thia  keepa  freah  fix  in  contact  trith  the  print  aurfaee  thua  aaauring 
proper  fixation.    A  print  expoaed  to  white  li^t  before  adequate  fixing 
la  likely  to  have  veiled  higfillphta  and  poor  tonal  qualitiea.  If 
expoaed  to  white  light  before  fixing,  it  will  1—ed lately  turn  black. 
Prolonged  1— iralon  In  the  fixer  can  also  destroy  a  print  by  causing  the 
Image  to  disappear. 

After  fixation,  one  nay  exaadne  the  print  by  placing  It  in  an 
empty,  clean  tray  and  taking  it  out  of  tha  darkroom  Into  a  fully  ilium- 
inated  area. 
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Print  Flnlihlns 

Th«  procaat  o£  prapariag  printi  for  delivery  Co  the  roquestor  It 
called  "print  finUhiog."   Fi^King  bagtiw  at  tha  point  whara  darkrooa 
handling  o£  tha  satarlal  !■  m}  longar  ra4|ulrad.    Qetca  tha  printa  hava 
complatad  thalr  naeaaaary  fixation,  tha  finishing  procedurea  ara  atartad. 
Thc«e  procaduraa  ara  not  llaltad  to  only  tha  washing  at^  drying  atapa. 
Rai'       they  often  require  correction  of  certain  faults  In  their  quality* 
mounting  and  toning.    In  aoae  caeea,  you  may  need  to  coaipletely  elimi- 
nate the  fixer  froa  the  printa  to  achieve  archival  quality.    We  can 
begin  a  diacuaalon  of  tha  print  flnlahlng  proceaa  with  a  study  of  the 
two  basic  atapa,  washing  and  drying. 

WASHING.    Unless  all  reoldual  chealcals  are  rewnred  froa  photo- 
graphic emulsions,  they  will  eventually  fade  and  yellow.    Noraal  washing 
procedures  ara  auff  Iclant  to  remove  i^ugh  of  theee  chMtlcala  to  pre- 
serve tha  Inu^a  for  aany  years.    Therefore,  thorough  weehlng  will  be 
satlafactory  for  the  majority  of  photographs. 

There  ara  aavaral  factors  which  dateralne  Iww  rapidly  the  ■atarlala 
cen  be  waahad.  One  of  these  fectore  Involves  the  atructure  of  tha  baaa 
aaterlal.  tight  weight  printing  paper  haa  far  leas  capacity  for  re- 
taining cheMlcala  than  doea  alngle  weight  aaterlal  4  Itouble  welghtpaper 
retains  chealcala  louger  than  single  weight  aeterlala  do.  When  properly 
processed,  water  resistant  papera  contain  very  little  chealatry  in  their 
base. 

Another  factor  in  deterainljsg  washing  rates  is  the  frequency  of 
water  change.    A  good  rate  of  flow  will  reaove  fixer  chMilcala  in  a 
relatively  few  minutes .    This  of  course  depends  on  the  nuaber  of  prints 
being  waahad.    But  even  the  good  water  flow  will  not  do  a  aatlefactory 
washing  job  if  the  prints  are  not  agitat«f  p|operly.    Water  t«peratures 
are  not  aa  critical  to  waahlng  aa  the  ch«|lcal  solution  t«^aturea  are 
to  procaaslng.    However,  you  should  uae  water  aa  doea  to  mmsal  rooa 
teaperature  as  poaalble.    ?ery  low  water  teaperaturea  will  reduce  the 
effectlveneas  of  the  washing  proceas.    High  tem^eraturea  increeee  the 
possibility  of  daaage  to  the  eaulslon  during  agitation  and  handling 
before  drying. 

Honsal  print  waahlng  procedurea  are  eatiafactory  for  the  aejority 
of  purpoaea  providing  freah  flwac  haa  been  uaad.    Although  eoi^late 
fixing  la  possible  with  aoderetaly  aged  clwaicala,  the  tiae  ■wt  be 
•xtended  for  that  atep.   Waahlng  baceaea  leee  effective  when  fixing 
tiaea  have  bean  longer  than  noraal  or  whan  aged  cheaiatry  U  uaad. 
Either  traya  or  aaschanlcal  waalMW  can  be  uaad  for  washing  printa.  Tbm 
adequacy  of  their  perf oraance  can  be  checked  with  other  cheaical  aolationa 

Neehanical  toshers.    A  convenient  aatbod  of  Mhing  lar^ 

of  eaall  and  aediua  alee  prints  is  by  the  use  of  a  aecbanlcal 
Average  waahlng  tlae  for  single-weight  printa  ia  50-«)  alnwtea,  doi*le- 
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Flgurs  7-5.    ltech«nlc«l  Print  VMhcr 

prlnca  120  ainutM.    Th«i^^«M«hcr0  apray  frMh  wittr  onto  the  prints  and 
at  the  aaaa  time  siphon  off  the  contaainatad  water  fro«  tha  bottoa. 
Thia  typ«  of  ffaahar  aoMtiaaa  contains  a  Urgo  tr^p  which  is  rairolvad 
eithar  by  tha  forca  of  tha  wator  apray  or  hy  a  aotor.    Tha  rotation, 
togachar  vlth  tha  apray  of  tha  «fatar,  givaa  conatant  agitation  to  the 
prlata.    In  thsaa  i#aahars  tho  vatar  is  ceaplataly  changad  avary  fav 
■ittutas.    A  typical  »achanieal  print  vaahar  la  ihovn  in  figure  7-5. 

Washing  in  Traya*    Although  aost  prints  are  vaahad  in  aachanical 
waahars,  it  la  often  nacaaaary  to  wsh  prints  in  traya  without  the 
aaaiatsnca  of  running  water.    However >  this  type  of  washing  is  not 
recosaended  i  hut  it  can  be  used  a«  a  tsi^rary  axpedimt  when  absolutely 
neceseary.    Tiio  deep  traya  ahmild  be  uaed  for  the  washing  procaaa.  The 
sisa  of  tha  trays  is  datentlned  by  the  else  if  the  printa  and  by  the 
nuaber  of  printa  that  are  to  be  «M^ed  at  one  tiaa.    Both  trays  should 
be  alaoat  coapletely  filled  with'^nreeh  water,  and  the  prints  placed 
amtlaion  aide  up  in  the  first  tray.    After  five  ainutes  of  soaking,  each 
print  should  be  drained,  thtm  transferred,  one  at  a  time,  to  the  second 
tray.    Iftien  all  of  the  printa  have  been  transferred,  the  first  tray  is 
eaptied  <md  refilled  with  fresh  water.    Allowing  five  oinutea  between 
changes,  six  coaplete  changes  froa  one  tray  to  the  other  are  considered 
the  alniaua  for  slngle«weight  prints.    Double<-w«ight  prints  stould  be 
given  at  least  eight  to  ten  changes. 
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A  second  way  of  tr.y  *»»hto«  !•  to  utlll««  tuiming  %mt«r  and  sub- 
merge the  hoie  lo  the  wash  tray.    ThU  syitwi  la  adequate  for  w«»hing  a 
£«r  prints,  but  It  is  not  rccooweiided  as  an  Ideal  proc^urc.  " 
A  tendency  for  the  contaminated  water  to  sink  to  the  bottoto  of  the  tray 
and  remain  there.    When  this  method  of  washing  Is  used,  the  flow  of 
fresh  water  oust  be  sufficient  to  thoroughly  circulate  the  water  In  the 
tray.    Prints  should  be  agitated  frequently. 

A  third  method  of  washing  involves  the  use  of  trays  and  a  specially 
designed  tray  siphon. 

DRYING  PHOTOGRAPHIC  PRINTS .    When  washing  has  b«sn  completed,  dry 
the  prints  between  blotters  especially  designed  for  photographic  work, 
on  drying  racks,  on  ferrotype  plates,  and  on  bait  driers.  J^J"f 
method  depends  on  the  purpose  of  the  prints  and  the  availability  of  the 
various  types  of  drying  equipment. 

Drying  Prints  Between  Blotters.    Occasionally,  it  is  considered 
advantageous  to  dry  prints  between  photographic  blotters.  ^«!5 
ters  are  made  so  that  they  will  not  leave  lint  on  the  print.    The  method 
used  is  to  drain  the  prints  well,  place  them  between  two  blotters,  and 
remove  all  of  the  surface  water.    After  this  treatment,  they  arc  place<« 
between  two  dry  blotters.    They  are  then  wmighted  or  placed  in  a  press 
thaTis  capable  of  holding  them  flat  until  they  are  dry.    When  several 
prints  are  to  be  dried  in  this  manner,  it  is  advantageous  to  use  cor- 
regated  cardboard  between  each  combination  of  ^1***;: 
Air  can  then  circulate  through  the  stack,  and  drying  will  be  -P^fj^  »P- 
This  method  of  drying  is  relatively  slow,  but  does  produce  a  nice  flat 
print . 

Drying  Prints  on  Racks.    The  procedure  for  drying  prints  on  racks 
has  the  big  advantages  that  no  change  in  print  tons  occurs  airi  both 
stretchlnTwid  shrinking  are  minimized.    For  these  reasons,  ^^J^k- 
dr^to^  procedure  is^ormaily  used  ^e«  prints  are  being  prepared  for  a 
controlled,  photographic  mosaic. 

Drying  Prints  on  Belt  Dryer-    The  majority  of  prints  Jother  than 
those^^for  mapping  purposes)  are  dried  ^-^j!  ~*«nt'^e«  cuJT 
dryer.    A  belt  dryer  consists  of  a  drum  over  which  a  wide  ^J^^ 
bSt  or  apron  travels.    The  drum  la  motor  driven      J^,"^"^ J^*? 
by  el^trlclty.    The  rate  that  prints  dry  Is  regulat«l  by  ^^^J^*" 
Ztl  Ti  the         and  the  speed  at  which  Che  drum  '^^j!;;;-  ^,!^,p^ 
temperature  Is  controlled  by  a  thermostat,  vhUethe  JXJ?'*^^^^^^ 
inegulat^i  with  a  yarlable  speed  motor  and  a  spe«l  »f^5i*»"f»i7- 
The  prtots  are  held  in  contact  with  the  drum  by  means  of  the  endless 
belt  and  are  dried  during  one  revolution  of  the  drum. 

kace  the  prints  on  the  apron,  allowing  ^^^-li^h  a.27cm)  betwmtei 

prints  and  not  less  than  l/2-lnch  (1.27cm)  from    he  edge  of  •P^^J- 
SoSsy  ?^ts  are  positioned  face  up  on  th*  tab.e  or  apron  portion  of 
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Figure  7-6.    Print  Drysr 

of  %\m  ^«Xt;  Mttc  prlaci  ar«  peiltlenttd  trlth  eh«  mmIsIoq  tovard  th« 
•pron. 

Mt  dryara  h«v«  a  capacity  Cor  drylnf  XOO  alasla*-ii«l«hc  8  X  10- 
incb  (20.32  X  2S.40cb)  prlnta  p«r  timir.    Xt  dottl»la-«al«ht  prlnta  arc 
balng  drUd,  cha  rata  la  SO  8  X  10-lach  (20.32  X  2S.40ca)  prlnta  par 
hour.    Prlnta  up  to  24  Inchaa  (60. 96cm)  In  width  aay  ba  drlad  on  thla 
■achlna.    A  typical  t>«lt  dryar  la  abown  in  figttra  7-6. 

to  atop  tha  dryar,  flrat  turn  of£  tba  haatara.  Tha  apron  atouXd  be 
sllowad  to  aova  £or  IS  minutaa  to  aXlov  tha  drtn  to  cool.  Uhan  tha  drua 
haa  eoolad,  placa  tha  aotor  in  tha  Off  position. 

DO  MOT  WRITE  IM  THIS  SW.    USE  A  SEPARATE  SHEET  OT  PAPER. 

1.  What  la  tha  baryta  and  galatln  coating? 

2.  What  la  tha  purpoaa  of  tha  ovwcoating? 
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3.    The  turfftce  of  «  p«p«r  !•  «  coi^iiuition  of   Aod 


4.  List  the  thr«e  silver  hAlldes  used  in  aaiclng  paper  cmileloaa. 

5.  Creded  ccntraet  papers  are  priaarlly  ■ensitlve  Co    light. 

6.  Variable  contrast  papers  are  sensitive  to   ^  llKht. 

7.  How  long  should  papers  be  allowed  to  Msra  up 'before  use? 

8.  List  the  tvo  types  of  projection  printers. 

9.  Define  "quality  negativee." 

10.  How  long  sti  lid  the  print  remain  in  the  developer? 

11.  What  is  the  function  of  the  etop  bath? 

12.  What  will  happen  to  the  print  if  it  is  left  in  the  fixer  too 

long? 

13.  What  is  the  result  if  prints  are  not  tfaahed  sufficiently? 

14.  List  three  nethods  of  drying  prints. 

15.  Describe  the  operation  of  a  belt  print  dryer. 

Exercise  1 

PROCEDURES 

Katch  the  following  itests,  etc. 

a.  silver  chloride  d.    graded  papers 

b.  silver  browide  e.    varUble  contrast  papers 

c .  contrast 

  1.    Sensitive  to  b    e  and  green  light. 

  2.    Difference  between  densities. 

  3.    Used  by  itself  for  taking  contact  paper  seals lone. 

 4.    Sensitive  to  blue  light, 

  5.    Fastest  of  the  silver  halldes. 

SW  C3ABII23330  OOl-X-? 

22  ^ 


ERIC 


s 

m,    slow  chlorUa  pap^ira 


c.  tUvAV  bmito  p«p«r« 

d.  fMt  chlorobroaid*  p«p«rt  ^ 

 1,   Stmltlvlty  !•  10  tlaw  fasm  chwi  cl4orld«  p«p«t». 

 2.    Uied  Mlnly  for  «fa«rgliig. 

4.    Products  t>Xu«»bl«ck  tonu. 

BK«rei«e  2  • 

EQUIPMEWT  «  BasIi  of  Xstu* 

NafAtlVM  Proa  Prevlou*  SW  X/«tud«iit 

Projactlon  Printing  Laboratory  faeUitlaa  l/daaa 

Projtt^ion  Pr  in  tar  a  and  Tiaara  ^    -  1/atudant 

Projictlon  Pr in ting  Papar  Aa  naadad 

fxi»t  Kaabar  .1/claaa 

Prlnf  Dtyar  l/claaa 

SAPETY  PSICAETTIOIfS  > 

1.  Maka  aura  alacerlcal  aquipMnt  la  provldad  with  ground  attaelmita. 

2.  Kaap  aXactrlcaX  aquipaane  away  fraai  wat  ainka.  * 

3.  Do  not  bandXa  aXactrlcaX  aquipme  (prlatara,  ti»ar,  ate.) 
with  wat  handa. 

4.  Uaa  axtram  caution  whan  uains  tha  papar  ttSmmt,  Wwar  pXaca 
your  fiAfara  in  tba  cutting  wraa.  Aft«:  uatog  tha  trlwaat,  aXwaya  Xaava 
tha  cutting  bXada  in  tba  Xowarad  poaition  and  Xockad. 

PBOccmmss 

X.    Obtain  tha  nacnaaary  cbaaicaXa  for  procaiaing  papar  fro«  cheo 
Mix.    Naka  your  tray  aat  up  uaing  8  x  XO-ii»h  (20.32  %  25.40ca)  traya 
and  APD  No.  25  CD-72)  solution  Is 2  a6  ouncaa  of  davalopar  to  32  ouncaa 
of  vatar)  (47^  of  davaXopar  to  946bX  of  wtar). 
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2.  Check  out  the  projection  printer  «i  foUowtt 

a.  iBsprct  the  prlACer  for  cleanllneat  and  ease  of  operation. 

b.  Clean  the  lens.    If  naceasary,  duet  It  with  a  ca«el'e  hair 

^rush. 

c.  If  the  printer  haa  Intarchangaabla  condeaaers.  Ineura 

that  the  set  aatchlng  the  lena'  focal  length  !■  clean  and  properly 
Installed. 

■ 

d.  Qheck  the  caa  follower  wheal  to  make  aura  that  it  la  on  • 
the  proper  track  to  aatch  the  focal  length  of  thn  lens. 

3.  Adjuat  the  printing  eaaal  to  give  8  x  10-inch  (20.32  x  25. 
40ca)  printa  with  a  quarter  Inch  border  (7  1/2x9  1/2-inch  Inaide 
dlaenaions)  (19.05  x  24.13ca  Inside  dlaenalona). 

4.  Select  the  negative  to  be  enlarged. 

5.  Place  the  negative  In  the  carrier  and  inaart  Into  th«*  printer. 

6.  Check  to  aake  aure  that  the  caa  followwr  ia  on  the  caa  cor- 
reapomiing  to  the  lena  you  are  ualngt  and  that  the  coodmer  aaaeably  la 
positioned  properly. 

7.  Raiae  the  laafi  housing  to  the  top  of  ite  travel.    Op«n  the 
lena  diaphragn  wide  open. 

8.  Turn  on  the  projection  printer  lump  and  focus  on  the  eaaal* 
Arrange  the  desired  composition  at  thia  tlae  also. 

9.  Close  the  lens  dlaphraga  down  two  clicks  and  turn  off  the 

lasBp. 

10.  Refer  back  to  Projection  Printing  steps  in  the  SW  and  follow 

steps  12  through  16  using  a  normal,  dense  and  a  thin  negative  reapectively. 
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INTRODUCTION  TO  AERIAL  PHOTOC.RAPHY 

OBJECTIVES 

List  and  expl.iln  the  tour  ph<i»«'»  of  the  Intel  Hgence  cycle. 

Identity  f undumeni.il  techniques  hikI  teros  uied  in  optical 
reconnjiaaancp. 

!Jst  thf  capabilities  and  limitation*  of  non-optical  i»«Rery 

Hystems . 

INTRODUCTION 

Since  primitive  man  first  realized  the  advantage  of  an  elevated, 
unobstructed  view  »»f  bin  eni*my,  the  concept  of  rcconnai nuance  hma  been 
part  of  physical  combat.    Willi  the  advent  of  the  b.i  1  io(tn,  iP-n  no  longer 
was  dependent  upon  terrain  to  provide  a  vantage  point.  Furthermore, 
with  the  Introduction  of  photography,  he  waa  no  longer  dependent  upon 
his  memory  to  relay  hlH  obBcrvatlonB  to  hl«  ('omr«deP  on  the  ground. 
Thus,  in  the  past  century  and  n  liaU,  a  new  .liraenslon  has  been  added  to 
reconnaissance.    With  m.tn'B  ronqueat  o«   the  air  and,  more  recently,  of 
space,  the  scope  of  recnnnalsaance  has  leaped  f orvard .     An  aircraft  can 
reconnoiter  hundreds  ot  miles  within  a  tew  houis.     Sf»«re  vehicles  ran  do 
the  same  ovot    thousands  o1   miles  within  minutes. 

SlgnU  1»  ant  1 V.  wUh  this  vaal   Im  reaie  In  coverage  there  ie  also  sn 
increase  in  t  he  mliuiteness  ot   detail  which  can  be  obtained.     Through  the 
use  of  one  or  mort-  scnifors,   tt   is  poswihlf  to  detect  vlrtuaUy  any  move- 
ment of  an  v\umy  ot   a  i«<»tential  enemy,  provldeti  the  sensor  ran  be  brought 
within  range.     Aii  t-neniy.   fully  awaro  c»f   this  potential,  mint  exercise 
elaborate  precautions  to  hide  or  camouflage  his  raovea  from  observation. 
Hie  expanding  arrnv  of   sensorB  avatlahle  makes  thla  Increasingly  diffi- 
cult.    No  IciiKer   4s  it  poaail^le  ro  hide  behind  the  hill,  under  cover  of 
darkness,  or  poor  weather.      Ihesc  delenscH  have  been  penetrated  hy  air- 
borne day  and  night  opMc  .ii  st-nBors,    infiared,   radat  ,  and  electronic 
reconnn 1 ssance . 

This  vastly  Increased  ability  to  gather  reconnalsiance  infornwitlon 
means  an  increased  amount  of  information  abotii  any  ene«y  or  potential 
enemy.    Add  to  this  reconnaissance  Information,  all  the  other  informa- 
tion gathered  by  national  Intelligence  agencies  and  information  aboqt  . 

an  enemy  in  rven  j^reatrr.     HjIs  is  an  age  of  Instantaneous  attack  capn- 
hflltv,     A  nMtI<»n  <  annot   depend  on  tell-tale  signs  of   Impending  attack 
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,„ch  a„  »»-t,.  «lU.,.ry  ■u.,bin.a.   Th..-  a.,.l..y»«.u  ..1  we^ns  »f  , 

tmtt^  UMttm  ittt«*n  I «*•»«  *•  tow^siicy  qonataotly 
oiiiMC  rtevftr  l.f  MiirprlHwd  by  rtii  tinfrlenUly  iwtlon. 

INFORMATION  *  .  ^ 

IIIK  INTKI.LICENCE  CiYCLE 

,„,..|llKiMicc-  IM  th.   beHi  posBlbU-  KnowledKf.  ot  a  knowrt  degree  of 
....ihlul.u-.M    uf  M'i'O.MlL  Ion.     It  i„  the  beet  knowledge  posBible 

,  av..ll..bi:    inf  ormation.     IntelllKcnce  deals  with  external 

lafo.uw.tion.    Thai  1m.  »ntoim.tio.i  about  ..n  .Mii-oy  or  potential  enemy. 
InUMU.il    liiJuimat  fun  ifi  I  .Tm.'.l  opt-rat  Itirtal  information. 

■VUrt^  ntv  I. ."I    i.ii.  ltlKru...  |il.aH.H  lu.Med  on  the  need  ot  a  user  of 

U...iulnM,...niH       lb-  rrroRnltlon   md  t  b.e  validation  of  a  need 

,.,n,Hitu,»      li.;-  r.y  ,t.-nut'i  I.   ptouremtni  ol   Information  for 
lul  I- 1  I  tH'  "'  I>"'*'"  • 

l',.nlm!,l..u      .I..-  ii,unifnru«.rlor.  .»f  lutU-rttH!  Information  into 


i-' 


lHH:uMulM..t  l.u.      Tlu-  <.  imelv  aui   Ibutlon  ot   Intelligence  in 
ll.il,!.-  J..11U  to  .iK-  n.  1.  '.  nei'dInK  1i.         ^'  flK^re  1-1. 


DmSEMtNATiON 


iifTCLuetNCE  phqcess 

USFR 

REQUIREMENTS 


Requirements 

There  are  many  reaBons  why  intelligence  Inforwatlon  fwy  b«  r«qutr«l. 
However,  the  two  moat  lmport«nt  reasons  that  concern  a  conttnuout  photo- 
processing  unit  are  laaoediate  battlefield  needs  and  long  rangt 

strategic  planning.  . 

IMMEDIATE  BATTLEFIELD  NEEDS.    Military  forces  under  combat  situa- 
tions need  up-to-the-minute  information  about  the  enemy.    Enaay  troop 
movementp.  concentrations  and  capablUtleB  are  some  examples  of  the 
information  needed.    The  information  must  be  accurate  but  It  must  alao 
be  gathered  quickly. 

LONG  RANGE  STRATEGIC  PLANNINC.    In  order  for  military  and  civilian 

policymakers  to  make  plana  for  tho  futt.re.  Information  must  be  ohta^MA 
about  any  potential  enemy.    Some  pxamplee  of  this  Information  might 
include  military  hardware,  troop  movement  and  locations,  production 
capability,  and  transportation. 

Collection 

After  a  need  has  been  established,  the  information  must  ba  coUacted. 
Many  sources  and  methods  are  used  to  collect  the  Information. 

SOURCES.    Among  the  many  nOurces  «vallable  to  the  intelligence  col- 
lector are  aerial  reconnaissance,  t-U-cfronir  imagery,-  and  cotaaunicatlon 
monitoring.     (TTie  ti.se  of  atrial  reconnaissance  and  electronic  Imagery 
!?e  dlrec?iy  n  part  of  this  care.r  field.)    Al.o,  the  collector  can  use 
foreign  news  reporrs,  civilian  reports  to  turelnn  governments,  and 
indlvldualK. 

METHODS  OF  OFKRATION.  lIu'W  arif  three  methodH  of  operation:  overt, 
covert,  and  clan.i.-.Unc- .  Overt  .-p^raUonH  are  -onducted  openly.  Overt 
ooerit  ons  are  uiic-n  a.au-  discretVIy,  i.owever,  to  avoid  unwanted  inter- 
ference Covert  npcr  .tlon«  ,.r.  .  mdm  .  ed  to  keep  the  collector  or  u.er 
secret  They  also  arr  used  to  k.ep  i\u-  Information  gathered  secret. 
Clandestine  operatLouM  are  tnten.led  u  v,..p  ihc  exUtance  of  the  opera- 
tlon  ifae 1 !   secret . 

Production 

Once  the  information  la  gathered  It  ^tiust  be  put  In  a  usable  form, 
m  the  caac  of  aerial  reconnalsdance ,  the  Images  must  be  processed  and 
interpreted.    Other  tynes  of  information  must  also  be  interpreted  and 
conclusions  drawn  from  the  knowledge.     In  this  manner,  the  policymakers 
can  make  the  beat  decialons. 
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UtBBeQtlnatiun 

Once  th\  informatton  is  roUacted  «nd  put  Iftto  ^^8^5^^^°'?;,^^. 
„uat  be  given  to  the  aKencte-  that  can  best  use  It.  J"^^^ 
Ltlcn  18  returned  to  the  controUlriH  authority 

acn.    The  controlling  authority  then  distributes  the  Intelligence  to 
th    agencies  that  requefited  the  information. 

AKRIAI.  PHOTOCKAPHIC  SYSTEMS 

Aerial  photOKfaphic   HyatemB  an-  generally  placed  In  two  categories: 
reconnalHHauce  and  mapping.     M^.pplng  and  cartographic  P^J^^^^f^^^^^  Pj^^..^ 
mor.  demands  upon  the  synten,  in  the  area«  of  accuracy  In  optical  linearity 
altitudes  and  fllRht  Attitude.     Crltl.al  measurementB  are  made  froffl 
.  .artographir  photogvaph-  of  terrain  features  over  large  areas.  For 
this  reason,  prescribed  rondiilone  must  he  strictly  adhered  to. 

(:art(»graphir  Photography 

ThlH  type  photoKr.M'».y  1»  \n-rf.tm^d  when^'ver  it  ta  necessary  to 
obtain  ai-rlal  photog^aphn  to  he  used  In  .ompllinK  aiaps,  charts,  photo 
„.oLlcH.  and  Hlmll.u   r.r  ,  ..graphic  materials.     Such  a  P^^^'^^^B"^*^^^  . 
lion  dlHern  fro.  the  .t  h.-r  r.connaiaaance  missions  P^^^-^^^  ^JJ^^^^^^ 
The  mapping  mlBHion  uhu..  1 1  y  conalstfl  of  Meveral  parallel  ^l^fjVj^"^« 
with  preiurlbed  overlap  between  photographs,  flown  at  a  specifiifd  alti- 
tude !bove  the  terrain.     It  la  evld.nt  that  optimum  photographic  coverage 
.  annot  he  procured  under  combat  conditions  because  the  aircraft  must 
tly  at  maximum  altltudeH  and  speeds,  using  evasive  action  whenever 
neceasary.    The  photographic  Hquadron.  ^^^'^^J^"* 

(1)  selecting  the  most  .suitable  caaora  Installation  for  any  given  si tua 
tlon.  and  (2)  developing  photographic  reconnaissance  techniques  that 
will  insure  procuring  the  best  possible  photographic  coverage  ot  the 
terrain. 

,  Reronnaissance  Photography 

Ktnu..nalSHan.e  phocography  can  he  largely  categorUed  Into  strate- 
gic and  tan  leal  are«H.  each  having  a  different  set  of  Tactical 
Reconnaissance  Ih  UHuaUv  done  unde«  nn^re  time-demanding  ^^^f 
18  accompltHhed  lo  provide  inlormatlon  tor  combat  organisations  in  the 

'  field      ThU  photography  in  uHuaUy  -ucompllMhed  from  faster  flRhter 
type  aircraft,  often  ov.-.  hoai  lie  terrain,  and  loses  its  value  quickly, 
since  the  need  i»  immediate,  it  is  oaually  accomplished  on  a  day-to-^ay 
or  even  hour-tt>-hour  basis.    Strategic  raconnaissance,  on  the  other  hand, 

'  IH  uaed  for  more  long-range  planning,    of  a  surveillance  nature,  it 
may  or  may  not  be  accomplished  over  hostile  terrain  and  can  be  accom- 
plLhed  from  higher  aUUude^i  with  a  higher  d.gree  of  accuracy.  Where 
laVtographlc  photography  may  deal  with  terrain  featui^es  prljaarily. 
strateKlc  reconn.ii asanee  deals  with  terrain  in  addition  to  minute  man- 
made  features-weapons  installations,  under  water  obitacles.  industrial  - 
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features,  transportation  capabliitlet,  af»d  other  loCoraaelon  valu«bl«  In 
detennlning  the  capability  of  a  potential  ei^y  to  sustain  combat. 

Reconnaissance  Missions 

Reconnaissance  misHions  have  one  primary  purpose.    This  Is  to  pro- 
vide infonnatlon  to  intelligence  and  planning  agencies.    The  Inforaatlon 
requlretnentB  determine  live  typo  and  time  of  thi*  nlasion.    The  broad 
categories  of  ai'rial  photo  rci  {mnaHsHnr-   tnisslnns  Hud  their  defini- 
tions are  cloBcly  r«'lat<'d  to  the  itiformw' Ion  rcquir ptnonts . 

The  reconnaiHHanc't'  cycle  is  «  compn  henslve  and  constant  prograa  of 
initial,  periodic,  and  thoroonh  Hurvcy  o)   the  enemy  and  his  targets. 
Initial  pioneer      trrh  roconnai saant.e  in  made  of  an  area  to  detcraina 
Its  military  valu'u  .iml  potent  iul.     Spec  Hie  obji'ctivr  reconnalsMfie* 
obtains  pre-Htrike  inl  ft  m/ir  ion  to  (»br.ahj  the  nioBt  inrrent  infonMtlon 
about  the  targei  and  surrounding  territos  U-s.     ITie  bomb  inpacts  are 
recorded  photograph  i  cat  ly  on  i  hr  spot  by  f<trik»'  photOB.    As  soon  as  the 
smoke  has  cleared  i'jf  1 1  dent  iy  to  pennit  acceptable  photography,  a  post- 
strike  mission  is  flown  by  the  reconnaissance  aircraft  to  give  a  positive 
evaluation  ol  the  attack.     Sometimes,  these  poBt-strike  photographs 
serve  as  pre-Btrlkc  Intormation  for  the  next  strike  force  action.  If 
not,  the  reconnalsaancp  crew  makes  periodic  surveillance  missions  to 
check  on  enemy  builriup,  conc«-ntrat Ion,  ^<nd  m<>veincnt«» .     Still  another 
phase  of  the  re(  onni  l8-^»n<  *•  .  vclt-  \h  curiogruphtc  photop.rnphy  to  obtain 
photographs  lo  be  u!«cd   In  prep.uln:.  mapM  tor  ground  operations  and  navi- 
gational and  fargit  chafts- 

Aerial  Cameras 

In  principle,   t  hr    lerlsl  .  amern   is  essentiajlv  f4imllar  to  Its 
rtround-photc  rouni  pi  par  t  .     It*,  thrrr  bas-lc  component  s  «re  the  lenR,  the 
shutter,  .mi  the  film  ■upporf  mechanl.sra.     Atrial   i  aracraK  ui  e  classified 
as  motion  pi.  tuvc   ^iuy.lc  immo,  aini  .*p<-<  i .« 1  purpoMP  Nurh  Hft  the  strip 
<amera.     It  Lu  iUv  Mfnp.lc  f raiQf  V/unera  which  Is  nsril  thr'moat,  and  it  is 
In  the  area  i.t   a<hij)t  at  I  mi  LhMl   fhf   ierial  .  amera  beconit-s  unique.  Although 
some  cameras  are  h-iltt  and  uhccI  as  n  slri^lf  unit,  mnst   are  considered 
to  conslHt  <'f  thr(.-e  ha^^ic  units.     The  ieuH  cum   notuially  contains  both 
Che  lens  and  Bhuitor,  st-rving  assent  fally  the  same  purpose  as  the 
bellowB  in  a  ground  canit-ra.     The  at-rial  l  amera,  howi'Vf<r,  seldom  has  any 
provision  l  or  fot-using   linre-lt  is  normally  assumed  that  the  lens  to 
subject  dlHtance  In  anrlai  work  will  be  greater  than  the  hyperfocal  dis- 
tance of  the  lenH  at  maximum  aperture.     The  body,  or  case  drive,  is  tl. 
chassis  which  supports  the  other  componcMits  and  contains  film  drive 
motors,  shutter  tripping  mcchani-'ms,  and  electrical  connections.  Tha 
magazine,  contains  the  film  and  platen.    Depending  upon  the  design,  it 
inay  afso  contain  lie, iters  and  mochaniaos  for  image  motion  compensation. 
Some  cameras  consist  ol   an  Integrated  m^tgazlnc  and  case  drive,  while 
others  have  tiie  itns  cone  integrated  with  the  case  drive. 
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Some  of  Che  more  commonly  ui.d  caoerae  fof  aerial  work  are  the  9  % 
«-tnch  (229  x  229m)  KC-IA  and  KC-IB  which  we  /^^^'S^'P^Sf L^^h 

the  Vx  9-inch  (229  x  229««)  K-UC  dettgned  for        J«8;3^^^!5J  ^^90 
(229  K  229«.)  K.17.  designed  for  -^nidlS-^; 
and  KA-91  panoramic  cameras;  and  the  KS-7ZC-1  J'*  -«--r* 

ano  iMi       ^  .  ft  14  X  lUn)  ncgativee.    lt»e  K-loA  etrtp  cmera 

produce  4.5  X  A.5-incn  Ua*»  »t  nc^.v*  ipa  i  o  «  Ig-lnch 

L  still  uaed,  though  not  very  often,  and  the  K-38  and  KA-l  9  x  18  incn 
(229  X  457taBi)  caweras  are  ui«d  to  some  extent. 

The  9  X  9-imh  (229  x  229m.)  tori»at  1«  u.«l  in  high-altitude  search 

iuLud.  «tateil<  Application.,  a.-,  expoaate  J""", ^J^^""'""™ 
mu.t  be  highly  controlled  l£  opttaim  result,  are  to  b«  Atain«l. 

Canara  Poiltlona 

Although  a  limited  amount  of  aerial  photography  la  .ccotiplishedL 
with  Sl^-held  c«=eraa.  the  practice  1.  conalder^l 
p«po.ea.    Moat  aerial  caneraa  are  aomewhat  heavy  '""'""r 

«^r^«tlcui«ly.  tSe..  are  uaually  modification,  of  conv«tlona 

for  various  mlaalon  requirenents.    See  figure  1-2, 

There  are  three  main  type,  of  Inatal latlona :    the  vertical,  the 

oblique,  and  the  fan. 

VERTICAL  PHOTOGRAPHY.    A  vertical  photograph  ie  an  aerial  photo- 
graph tiJln'tith  the  camera  axis  perpendicular  to  the  J 
Ground  feature,  appear  in  perspective  and  with  »lnimutt  distortion  of 
thalr  horizontal  dliaenslans. 

Vertical  photographs  have  ralaf tvely  small  errors  in  scale,  in 
r.llerf^ituiaa',  anS  in  optical"  distortion.  «--™-"a^^,^:,^^^^^ 
oiiMhad  easily  and  with  moderate  accuracy.    Scale  is  fairly  constant 
Jijrghourih.  photo,    vertical,  provide  excellent  aid.  to  cr««  acco.1^ 
pushing  high  altitude  flils.ions. 
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Figure  1-.^     HJ-4i'  rieriBor  Pc>Hltlcu» 

A  disadv.ntaKe  uf  vertical  phoU,Kra,hy  1b  rhijt        P"**"^*  •J  ^JJ 
which  is  Bern  from  an  uniH«Ulnr  point  of  view  and  .how.  a  Halted  fiiW 

of  view.^ 

OBLIQUE  FHOTOCIUPHY.    Oblique  photCKtaphy  1h  m»  P^f'^f^JIJ^,. 
taken  with  the  camera  «xt«  direct* Intent ionaliy  ^^^J.^^^Jf^^^ji, 
and  vertical.    Therefore,  the  aircraft  doe«  not  have  to  fly 

llTto  be  photographed.    A  high  obHjjue  .haws  ^*  ^^^^^-'^ 
oblique  does  not.    A  high  oblique  photo  «howH  «ach  "f^*^  J™  * 
vertical  photo  «ith  the  s««e  focal  length  and  froo       ff^ /^Ji'^** 
Soever    the  images  grow  saailer  toward  the  horizon.    Object,  in  t\m 
Sroinrtend  to  Iohc  their  proper  perspective  proportionate  to  the 
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obliquity  oi  the  camera  atigle.  to  the  extent  chat  the  correct  horizontal 
^l«ne  af  itjtiivlduAi  obieet  CAtuioe  be  determined. 

In  oblique  photos,  the  terrain  appeam  as  a  conventional  Isege 
rather  than  the  map-like  presentation  of  the  vertical.    Since  oblique 
photofl  are  more  pictorial  and  more  readily  read,  chey  provide  excellent 
briefing  aids  for  crews  accoraplishlng  low- level  aleiiona. 

0\u'  dlHddvdiitaRe  of  oblique  phutogtaphy  is  that  scale  diminishes 
from  loreground  to  horizon.    Calculations  are  also  difficult  and  must  be 
ac  coropllahi--d  by  the  use  of  tr igonomt'cry .    Observation  is  lltalted  to 
line  of  sight.     In  addition,  obliquo  photography  le  not  very  effective 
at  night. 

F/VN  PHOTOCRAl'HY .     ilu'ti*  are  thriu*  tvi'C'tt  of  fan  Installations  used: 
the  .J  pi  It -vert  leal ,  the  t  rl-iaetrogou  and  ihe  roujtl-camera. 

The  npHi-veri  lial   i  uhi  al  Ution,  rihown  In  figure  1-3,  consists  of 
two  obliqut!  curaeraH  iiprrating  slmultaneoualy .    They  are  TOunted  in  such 
rf  foiinner  mh  to  provide      nxmll  amount  of  nldclap. 

Ti  l-m.-t  rogon  photoniMphv  i»  used  In  Menrch  reconnaissance.  It 
requires  three  cartographic  rameras  with  6-lnch  (I52mm)  wide  angle  lenses. 
One  vertical  and  two  obJ  Ique  4:amerttS  are  mounted  as  shown  in  figure  1-4. 
The  center  camera  la  Vfiftfal,  and  the  oblique  cameras  are  opposing 
each  other  at  30"  dcprt-MHlon  angles.    ITils  gives  horizon  to  horizon 
coveraKti. 


Figure  1-3.    Split -Vertical  figure  lr4.  Trl-Metrogon 

Aircraft  Camer.t  Installation  Aircraft  Camera  Installation 
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Figure  MuUl-'Oimcra  luMtrtlhU  With  Spllt-Ver tlc«l 


The  mult i- camera  InMtallation  i  annlst  m  of  thr«t  or  taora  caMraa 
mounted  so  as  to  provide      8oinll  aim  ml  ot   Intrrlock  between  mmch  «djAC«fit 
photograph  fc^r  the  purpoHC  of   pi  ovi<  tiil^  c  Mit tnuciti*  uxiendrd  l«t«rftl 
coverage.     IiihI  il lat  f cmn  with   in  odd  numl  <  t  of  ramcrrtB  Include  m  vertical 
in  the  center.     Thone  with  an  I'ven  i 'unb**?   tan  nut   from  the  spllt-v«rtlr.al. 
A  typical  muj  t  i-caroefrf  liibtal  lar  Ion  U  f»h.iwn  In  f  Igun*  It^* 

Nl  N-  (iFTh  AL  If  AllFRV  SYSTEMS 

Bi'Sldes  the  camei  *  svMlffns,  Wutv  *ir     other  nMKore  installed  In 
the  reconnalpssance  alrM.itt,    Thrnr    upplinicnt  the  f»pHcaJ  ^enpora  and 
provide*  InfnrtHrtM^m  that  .umI.O  ciU  'ifp    ^  MniH*!   [itOiUx^r.     Thtf  three  main 
non-optical  B^nftors  ait    ifde- 1  tu^k  In)^  .idhc-nit*  ra'far  (SLAR)  ,  Infrared 
sensors,  and  lasers.  ' 

Side-LooklnK  A«rb.>rnu  K.i«!Hf 

Slde-louktng  alrboint    racbu    (si  AH>  pMMfucru  radar  liqa^ery  whose 
range  rind  ground  t  cMuIiit  inn  i  <■,  I  >.r  nupi-t  Icf  Lo  Piirli^T  airborne  radars. 
Its  high  rt'sulutlon  cap.ibi  lit  W-s  nwihr  1 1  .»  nf*t{.il  «l  I  wracher,  day  or 
night  mapping  nnd  r.  «  onual bhuiu  »    i.o.-l.     Hi><-  tv^m  "hU,U  r«»»oluclon"  i« 
uaed  in  conip/irl^on  to  tommon  ham\<  lmI^um   uui  nof   to  fl'^J^ ography . ) 

This  type  of  rt*dar  Is  teiroed  ":.  Idc- 1  uoklng"  because  It  traiwaits  the 
radar  beam  aC  right  angles  to  the       v.rnt  t .    ThtiH.  the  r^dar  antennas 
*'look"  to  Che  sides  of  the  aircrafc  (see  Itg.  i-2>. 

A  radar  beam  Is  sent  Croo  the  rtlrcrnlt  to  the  sroufid  and  totmcts 
back  accordlnR  to  the  ground  featur*;<.    HHh  ffturncd  signal  Is  converted 
Into  light  by  the  mbanN  -uf  a  cilhud.    luy  i  nhv  (CRT)  which  Is  siniiar  to  a 
TV  picture  tube.    A  photographtr  dntn  U  passed  over  the  CRT  and 

exposed.    At  the  t  ompU'tlon  ol  ihe  fllKhi  ,  ihe  data  flls  Is  processed. 
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Then  the  data  film  U  placed  In  an  optical  ^^^^^^Ji"* 
/  »•  a  printer  and  un«cra»bler  of  the  tnfomatlon  c«corded  . 
^  f  ll«.    This  opfcir^  eorreUtffr  tiMt  th«  <l«t«  CU«  te  eKpo«e  « 
map  film  which  ie  then  proce«»ed  and  used  normally' 

Infrared 

A  rombtnatlon  of  the  optical  and  radar  aenaori  studied  so  far  does 
not  fulfill  all  the  requireoenta  for  an  ideal  reconnaissance  •y«t«».  Aft 
additional  nenaor  HyHten,  Is  available  -hit  h  makes  use  of 
rrtdlatlon.    This  system  helps  to  cover  some  of  the  missing  requlr caputs . 

All  objects  radiate-  Infrared  energy.    There  are  many  sources  for 
fhlH  energy  with  the  huh  heii.K  the  j.rjme  ...le.    The  Infrared  sensor  can 
record  this  radiation.    As  an  object  radiates  Infrared,  the  airborne 
«ensor  picks  up  the  radiation  and  focuses  it  Into  an  electronic  unit. 

This  unit  convertH  the  Infrared  Into  an  ^^In  ntLnsLl 

Jected  onto  panchromatic  film  through  a  CRT.  The  film  is  then  processed 
nonaally  at  the  completion  of  the  mission. 

It  taken  a  ekUled  Interpreter,  however,  to  use  the  Images  recorded 
by  the  «en«ar.    The  interpreter  must  understand  the  nature  of 
energy  and  the  physical  laws  which  Kovern  Its  behavior.    Mso.  Che  iMge 
Is  greatly  affected  by  natural,  mechanical,  and  environmental  factors. 

Laser}* 

LaHer.s  ar6  elec t  ro^..pt  leal  recording  sensors,  not  ^^B*^'  "^^^^^Pf.v 
cameras.    Visible  User  light  Is  beumed  to  the  ground  and  "fleeted  back 
to  the  aircraft.    The  r.flected  optical  energy  Is  converted  into  elec- 
tronic impulses.    Iliese  electronic  ImpulHca  can  then  be  amplifieo, 
recorded       a  video  Higtial  or  handled  with  other  electronic  techniques 
and  deviceti. 

The  iHHer  hrtH  rath.-i  poor  weather  penetratlveness  and  works  poorly 

At  high  allitudeH. 

QUESTIONS 

pn  NOT  WRITE  IN  THIS  SW.  USE  A  SEPARATE  SHEET  OF  PAPER. 
J.    list         explain  t  lu?  four  p»w»ch  of  the  Intelligence  cycle. 

2,  What  are  Horae  Mources  of  Intelligence  information? 

3.  What  in  the  dUterence  between  tactical  and  strategic  aerial 
reconnaissance? 

U,    What  la  »i  dlHrtdvantage  of  vertical  photography? 
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3.    Whac  la  the  dlfferetir.e  between  iilgh  «nd  low  obllqut  photogtAphy? 

6.  Why  Is  SLAR  called  "side- looking"? 

7.  What  are  disadvantaRes  to  the  u'<e  of  lasers? 

8.  List  thp  capablJitlis  nnH  liml{  itlons  of  non-optical  IflMgery  systfas. 
EXERCISES 


Kxen  f  fjie 


PROCEDURES 


On  a  separate  wheel  of  paper,  tunti^h  » ho  AntelliRrncc  r.ycle  In  coluBm 
A  with  its  definition  In  column  H, 


COLUMN  A 

Requirements 

Collection 

Production 

DiHseoiinjtian 


COLUMN  B 

1.  riif  ti  ansfo*  nwtitm  of  collected  Itiforaatlon 
into  Inteiligcnjfe. 

2.  'V)\e  rctOKnltion  *4nd  the  validation  i»f  a  need 

l  or   ir't»-n  l>'»'nre. 

\.     riu-  timely   •  Istritiution  of  inti'lllnence  in 

'•iiit**f'l<    In.  Ill  {(t   i^.cnclen  nceiiinR  it. 

/« ,     ilif  HyHlinwi'  !'•  p»  lit  urfinrnt  o\    Information  for 

Im  v]  1  IviHiir.    pur  )■  >M»'M. 


I  X  (■  r  t  1  Ml'  .' 

1,     A.iHwtT  lb"  inlluviuR  -iiiest  fon  »  Hepttrat*'  Rhin  t  of  paper 

b  ,     What    in  a  t  r  1-  mt!t  riiR^  n  livU n  1  '  .41  Icm? 

What   In  iht*  i'tloi.ijy  pinpofu»  «a   t  eronn«1  «aant e? 

2.     M4tc:h  thv  aerial  camrra        loiujin  A  to  it&  Jesrr  { pt  ion  or 
purpose  In  column  H,     Ust-  h  neparftt    h1u«  f  of  paper. 
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I  t 


/ 


COLUHN  A 
K-17 
K-UC 
KS-72C-1 

KA-91 


COLUMN  b 

1.  Ptinor«st«  eaaeM. 

2.  Producen  ^.S  k  4.'i  Inch  (lift  %  mtm)  negatives. 

3.  froducet  9x9  Inch  (229  x  229i»)  reconiutseace 

negatives. 

4.  rioduces  9  X  9  Inch  (229  X  22900)  napping 
negatives. 

5.  A  Htrip  cametM. 

J.    Match  the  ret  cmnalfliance  mlaslon  In  column  A  with  Its  descrlp- 

Each  anawer  may  he  ueed  once,  ■ore  then 


tion  or  purpose  in  column  B, 
once  or  not  at  all. 

COLUMN  A 

Pr^'Htrike  ri'conna iHsanie 

Strike  rt'connalsuuiu  *? 

PoBt-«|r  V  ike  t  tfconna l«§Hnc-f 

PloneiT  aearcti 
reconnaissance 


COLUMN  B  . 

1 .  Unfd  in  i>r«'pdration  of,  maps. 

2,  (;tvt»H  poflitlve  evaluAtion  of  the 

"uL  tack . 

M.ide  to  determine  an  area's  military 
value. 

u.    iirfi-d  ti)  determine  the  taoet  current 
Inforoiitlon  about  the  target.  . 


*).  Miiilo.  an  the  bombs  hit  the  target 
KxerLlHC  1 

PRntlKIHlHKS 

K(*ith  tl.*'  term.*  In  .  olumn  A  with  Chi'  phrane  In  column  B  that 
descrlheH  it. 

COLUMN  A  fDLlfMN  H 

SLAR 

Infrared  Sensor 
Laser 


1.     in  Rrerttly  atfectfd  by  natural,  mechanical  and 
tnvironmental  fartore. 

I.    \Uh  poor  weather  capabilities. 

3.    UtiUies  rt  rorrrlator  alter  the  filo  is  processed. 
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Sciences  Branch  SW  C3ABR23330  OOX-II-2 

Lovry  Air  Force  Base,  Colonulr.  October  1977 

CONTlNl'nuS  HUVIX)rROCESSlNG  FACILITIES 

OBJECTIVES 

Describe  the  opiM.ii  in;  i  r-iu  Ipiea  of  a  precision  processing 
laboratory. 

Identify  the  mlNsIou   .la'  ..i  j l^.rttlon  of  the  Photographic  Pro- 
cessing and  Interpret  It  IMM  i,„  !       v  (I'PIF),  WS-430B. 

List  the  baslL.  i  .    i    v  li      'i        (»r  the  Production  Control  Unit,  the 
Imagery  Interpretation  Unit     i  !     .  .ul  the  Imagery  Processing  Unit  (IP) 
within  the  WS-43QB  l  o.np!  -  . 

List  the  functlu'v.  m   Hi.  Imilvidual  shelters  contained  In  the  WS- 

430B. 

Ide'ntify  the  Htt-r  .  ur  ■  f  .iv  Un  raalntainlng  a  mobility  capability. 

State  the  purpose     i   n.  'it'  n.isinj;  Program. 

Identify  the  m.ij  'i      .    ■>  irioniun  within  the  WS-430B  complex. 

List  thf  geiuT.it  n.   :    (  :.i»H  ni    ill  personnpl  asHlgned  to  a 

WS-A30B  complex  in  st-i  ;       :  •  l   etLl  <•  <•orro^lo^  control  program. 

Define  the  r*--.,  ■  ti      ,     i    ihv  CIC  and  the  I.oglstlrH  Officer  In 

.1  WS-4'30B  lacllity. 

INTRODUCTION 

Once  the  reconn  *  I Mon  in  recorded,  it  must  be  pro- 
cessed in  order  to  h'  •  "  ■      'Hn.n  the  imanea  lose  value  as  time 
Koes  by,  :^u.:h  as  Ui   -.n  vu...              situation.     At  other  events,  there 
is  more  time  f  or  fic    s  ii-r,   'ui   t       requlri'mentfi  for  f>xactoes8  and 
quality  art-  extrenu  )  v  i  '  '      ^  e  laboratories  di  slgned  to  handle 
any  type  ol  situation  unyir,   h.,  required  tv  gain  the  most  valuable 
information  from  thr  i .  "lutu  l  M-tMfir  Tnia^lon. 

Most  Air  For  phr^'  n,«  u»bi<   pr-- pssIhk  taken  place  In  a  reconnais- 
sance unit.    There  .»r<    '  .1*  wf.frh    uppot  r  other  photographic  aspects  of 
the  Air  Force  mlsHiim,  t  ui  muMi  co  .linuous  photoprocessing  personnel  are 
assigned  to  a  reccJunalnH  wh  ^  mj-u  ..ometime  during  their  career. 

In  any  photogi.ipiii-    Ub  ^  .u,.    ,  ^ertttin  preacrlbed  requirements 
must  be  met.     CloinliH.  n.,!  ty  arc  two  aspects  which  must  always 


•  he  considered,         work  b^comeg  more  crlti.al.  and  equipment  ' 

^     Interpretation  Facility  (P?1F) ■ 

l-HKllSlON  {'ROCESSING  IJ^BORATORY 
tutelliKenre  l„|ornu.tlnu  wlu.i.     .  r.Utiveiy  few  square  "^lli"^^*^"- 

y    labnraLorleH  ha»  tor  .,u»uy  ye-.r:,  been  toward  a  clean  lab. 

* 

^       Knvlrcifuneni'il  DebUji^ 

Th.  l.'^.'^i  stm-H-  t.Mioi    in  a.hlevlnR  and  maintaining,  an  accept- 

pho  U  ts  u»n-    y  ^^^^^  P^^^  ^^^^^^  a  Butttble 

lrvu.':i:.„  hU^-iy  s.,,h>,u,>:a-...,  an.  p.ecl«.  photogr.plrf-c  equipment. 

AIR  amnniONINC.    Air  .  ..ndltiunlng  will  be  of  standard  cc-erlc.l 

equlpm.-nr  will  he  run  ^^  hours  a  day. 

:;i:' ;„:.r::a"[,:"r:;;.  :.u.rir/„andu„K  unu   be  desig„«.  to 

provide  •>  -  10  «lr  ch«nK^i-»  »n 

•  AlH  Kll.TRATION.     sV.Ke  .me  wl,l  ...n.i.t  of-  «  rough  "I"'  '""J?"^ 

1,    L.ble  tvow  ■>"  -  »Op..rceni   (NSB)  .     Second  stage  or  final  filter 
^lU  ;;-r;:ted.^^.;.'  -       perce,>t  e,ricle„t  .t  1.0  micron  and  larger 
(dlBpoHable  type). 

TEMPERAXW.  TOLERANCE.     Tcmperuturf  In  .normal  shop  areas  wilt  iwt 
axceei  "Jo-F  (26-C)  ur  drop  below  70^F  (2^0-     If  calibration  type  «ork 
tr  o  be  accLpll.hed  within  controlled  areas,  ^ ^^^^^^^^^J 
(22-0  plus  or  minus  b"?  (2.5-0.    Temp.rature  recorders  shall  be  pro 
vided  with  a  chare  read-out. 

SW  G3ABR2  j  no  001-11-2 

/'  • 

2    .      '       1^  . 


ERIC 


.  HUMIDITY  TOLERANCE.    Humidity  will  be  AO  Pjlf'f^^JJ.i** 
percenr«tile99  othemlse  noted.    Humidity  recorders  ehall  ^«  P^^^Jj** 
with  cha^t  read  out.    Photo  labs  wlU  be  50  percent  plus  or  mlnu.  10 

percent. 

L'::  °H!;'n;oSr  :i::cr;s  Ter  cubl.  root  of  aU  l^O  »lcron^^^^^^^ 
no  more  than  2.200  particles  per  cubic  fcmt  of  «ii>^5 . 0  microns  and 
larger. 

MONITORING.    Contamination  levels  m.y  be  nK>nltored  by  autwaatlc 
light  scattering  equipment  or  by  the  tnan.ujl  method. 

pinoR  The  floor  will  be,  tlninhed  with  greatie  resistant  material. 
Care  I^be  laken  'o  Insure  that  P^rman.at  bond  ^o""'"" 
a^suMloor  la  made.    All  cornera  :>houl..  be  coved  (rounded). 

WALLS  AND  CEILING.    Walls  and  celUnR  will  be  painted  ^ 
with  ^erlTthat  can  withstand  constant  cleaning.    As  with  th.  floor,. 

all  corners  should  be  rounded. 

UTILITIES  AND  FIXTURES.    Utilities  and  fixtures  will  be  installed 
UTlLiiifcb  Awu  FAAiu^.^  imnrlPB  will  be  recessed  where 

with  the  thought  n(  cleaning  In  ralrd.    Utilities  wiiJ  oe  r 
possible-  and  fixture.s  t.  hr  .lin,  Hue  an.  .aHlly  cleaned. 

n  -HTING      Lighting-  will  be  m  filgne-l  to  100  foot  candles  (30.4;a 
™?ter    ™;  at  hln../ .     Wh.  re  ..ddltlon„1  lighting  1«  required, 
.uppletnent.l  lighting  will  be  pruvM.d,.  bench  tnountod. 

Michlnery  .  "  ' 

•    Machinery  and  equipment  used  In  the  clean  lab  should  be  kept  td  the 
Machinery  q  that  vlbrnl Ion  i«  held  to  the  mini - 

minimum.     It  Mnouiu  ne  in»i«i  »k  ,    (^   <«  ^.a^llv  ucresalble  for 

AlQo     It  should  bf  loi  uU'u  »o  that   it   Is  f'sf^nv  0(.i  eBsiDJ.« 
T"   .nl      Processing  nvirhincH  .hould  be  filled,  replenished,  and 
cleaning.     Pn-cesning  nuirnm  dir^-ctly  In  and  out  of 

aralned  h,      .y.t™  ^    P  '  o.^t.^.he  L™.  Wherever 

the  -"a^""'  :    ^'ICIm'  .  .d  swU  Che,  ..houM  be  located  outside  the  area, 
toth  twU  ;  sa.ellght  Illumination  should  enter  th.  roo. 

tMough  a  translucent  celling.    Tli.se  l.ghtlng  fixtures  should  be 
serviced  from  catwalks  above  the  c.-Ulnn. 

*  * 

Personal  Hygiene 

Personnel  with  skin  or  upper  respiratory  diseases  will  not  be 
allowed  tHork  in  the  clean  room.    Some  examples  of  physiological 

^riJems  that  are  dc-trlmcnt.'!  to  c  lean  ron.  operations  are: 
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I.    Ml«gle^  to  «y..tli«tlc  faUtl.  . 

3.    Profuse  nAsal  discharge. 

A.    Skin  conditions  which  result  vn 
dandruff,  or  sklnf Iftklng. 

„  „ld  found  m  the  moisture  of  hands. 

Virions    U.b^ng.Hrratchlng,  or  Claustrophobia. 

{,      Severe  nervous  conditions,  it^n  "R. 

,     ni  receive  periodic  indoctrination  on  the  Importance 
All  ptTsonnel  will   .etelv.  per 
.,f  p.rHonal  hygleuu  in  »  lean  room  o,.r.ti..n«. 

...ulailun.  t.  o.aln.«ln  h  ^e^Uhy  -vlron^^^^^^  ^^^^^^^^^^  ^^^^  ^^^^ 
-  temporary  couKhinK  nnd  ...efficiently  recovered. 

^obL  outsid.  th^  cleun  room  until  ^^^V  receiving  severe 

.ier.onn.l  vlU  t«k.  all  3"::^.««.^y  to  prevent  peeling  skin 

uf  .u.hurn.     I Ui.  ren  ot  cleanliness  required 

Uo.  -;"^-^-f^l:^;;,:';ronnel  develop  nie  following  habits; 
nec«*>«itai       tnai  int^  i^'"*'  - 

I.     B«ihe  dally. 

,      Shampoo  ,.«ir„Uen..„.c„...«..lon..a„»..eavy  dandruff. 

,     w.....  cu.,.„  a,>ae.  .nd  ou.o.  ,a.»..«.»  to  In.ure  «.xl««.  cleanlineas. 

V    W.=ar  Rlcv...  II  hand,.  ».<•  Move.elv  .hopped. 
„.    K.,1.  p.r  m.  l  I" 

I.,  uiu  wear  a  cover  of  some 

type      ThlH  «^*«n  btJ  eltiur  « 

„     .u  lar«..  ur  bu.y  .u.tacl...  cov.rad  or  r.»«ed. 

,,     Keep  h„U  ."-,';-;,,'',;:';-;rn:;  Te  "««ed  S^'a^h^ad"' 

,,-lr  ..n  th.  hack  ..T  a  I""""  "  ""^^l^^  .."„„wev.r.  hair  that  la  not 
plac-  (when  properly  worn)        "'"f",,.    „eU»e  I»  not  acceptable.  « 
Lo,e.ad  on  the  Ircn-        ^'•\''!^"    ion  of  cap.  hood,  or  .t.oo4  ».y  ** 
difficulty  »«  encountered.  «  combination  o.  c  p. 
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Employee  Discipline 

The  precision  processing  l«b  umst  be  reatrlcC^  to  auctorlc«d  Iwli- 
vlduala.    Protective  clochlng  ia»st  be  used  at  all  tloes  sod  by  mXl  indi- 
viduals entering  the  room.    This  clothing  la  not  to  be  wrn  outaida  the 
clean  roon  or  In  the  contaoilnated  section  of  the  change  roon.  Sacking 
and  eating  in  the  lab  la  forbidden.    Paper  material  will  not  ba  allowed 
within  the  lab  untfl  an  analysis  has  bern  made  to  determine  Its  particu- 
late count. 

Employees'  attitudes  are  of  prime  Inportance.  ^Th^y.  muat  tia  pre- 
pared to  meet  the  challenges  of  the  lab's  work  before  being  alloi^d  to 
work  In  it.    They  are  to  conalder  everything  but  their  tsB^iate  work 
area  as  being  contaminated.    Also,  they  should  be  able  to  recognise  the 
eonnon  types  of  contaroinatl«»n  (lint,  paper  chips,  etc.).    They  will  be 
advised  to  report  any  such  contamination  to  their  supervisor.    They  will 
also  consider  any  work  or  tools  dropped  on  the  floor  as  being  contaml- 
nateJ.    Any  work  (nr  tools)  which  tliey  cnislder  to  be  contaminated  will 
be  reported  to  their  supervisors.    I-ab  personnel  nsjvement •  is  to  be 
restricted  as  much  as  possible  to  prevent  the  settled  particulate  natter 
on  the  floor  from  being  stirred  up. 

Visitors 

Visitors  to  the  precision  proc-SHlnK.  lab  must  observe  all  the  rules 
which  the  employee^  must  nbjerve.     IIiIh  includes  top  nian«Remcnt  as  well 
as  supervisors. 

Security 

Because  of  tht-  nitnre  nf  phoLoKrnphlc  Intelligence  dat»,  preclsl-on 
labs  are  usually  highly  Monslrlve  -irr/i-*.     All  mati-ri^ils  numx  be  handled 
In  accordance  with  AFK  /OS-l .     The  plant,  ab  well  nm  nil  materials  are 
given  maximum  protcrtJon,     Al !  uernonnel  connected  with  tho  operation 
are  required  to  have  HerurUy  t  Urtrances. 

Maintenance  and  Inspe(  tlon 

Routine  inspections  usually  madr  In  photo  labs  become  more  critical 
in  high  acutity  labs.    They  must  be  inspected  frequently  to  insure  the 
proper  performance  of  the  equipment.    Furthermore,  they  must  be  made  by 
personnel  who  are  authorized  access  to  the-  room.    AUo,  servicing  and 
allgf«Benc  of  equipment  must  be  perfortsed  to  precluded  contsfflioatlon. 
Detailed  inspection  check  lists  should  be  used  ami  complete  records  of 
Inapection  and  maintenance  should  be  kept.    Inspection  reporta  ahouXd  be 
certified  by  the  inspector  and  given  to  the  superviaor  for  review. 
Critical  film  should  not  be  processed  unt  tl  the  area  and  e^uipaent  are 
certified  as  completely  operational.    Otherwise,  vital  Information  might 
be  lost.    If  new  Installations  are  made,  or  components  of  the  equipment 
repaired,  a  sufficient  number  of  trial  runs*  must  be  made  to  guarantee 
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op^rfttloft.    All  «<i«ip«nenc  ui«i  to  produce  ^•/i^^i^Pff"^!^^ 


S«fecy 


"    Although  wet,  photogr.ph.lt  tao«.  the  .^^"iS'iSr^ 
rf»knMs    It  Is  well  to.re«»ph.el»e  then  here.   When  ifort  1.  extrw*y 
"uTclV  or  when  «any  hour,  of  contlnuoua  work  1.  "J"*'**'  - 
^«ura    Jor  the  worker  t.5  be  under  greater  pre.Bure  th«.  i« 
ZlTLl,.    working  with  machinery  In  ^ 
■«i«-ihilitv  of  accidents.    Danger  aioas  Include  geers,  drives.  , 

TyZiTJi  iziu  a»  well*..-      :sLf.:ri~i;.u  uio- 

Other  dsnger  ereas  -i^'^"  ::'„tri"  u^^i'S^?^  ro- 

torl«a.    However,  work  in  theee  areus  la  carxi-w*  ^ 

lUta^^^soitsrr.  ^^   ~~  _  .  - 


Adjaceot  Areas 


■,„e  clean  roo»  In  a  high  acuity  lab  1.  usually  ^^^if  "»^e 
arwa  "n  which  the  envlronnantal  control  is  '"'"S^i- „*^*  j^,,- 

J^eriwe  and  hu»ldlty  latitude  Is  allowed,  end  ^"'"^'^J^l^^" 
a«  iterated.    Out«lde  the  control  are.,  perhaps  only  ordtnsry  .Ir 


conditioning  will  be  necusaary. 

THE  WS-430h 


Because  of  the  ever-changing  world  nltuatlon  and  the  vaet  co«it 
™.ntB  of  ti.e  united  Statet,.  a  totally  «oblle  processing  facility  is 
needed.    The  WS-A30B  fulfills  this  need. 


Mission 


m  MS-430B.  Photographic  Processing  »f/«""/^«j!^„;;*^Jii5'' 
,„„,,,    nrovldes  tactical  reconnalaeance  units  with  .  seii-conMino" 
c«ib  luy  to  proceaa.  print  and  Interpret  t«tlc.l  reconn.ls«nce 
'  !S^^.r.     The  WS-<,30B  <  .nplex  conslat.  of  25  alr-tr.nsport.ble  units 
i"?  S'sheuera    "h"  co»Jlex  c.n  .,e  "^Pl-y^?  SJgi^. 
'J^U.    The  operation  o.  the  fecll.ty  Is  outl  ned  In  m  55-19.  Org« 
iMtion,  Opsratlon  und  Mun.ge».nt  of  the  WS-430B. 

Organ! tat  Ion 

the  basic  function  of  the  WS-A30B  la  to  P'^^J^^^^.^if  Jl^**'*'*" 
cal  reconnaissance  imagery.    All  function,  are  directed  to«ard  the 
|  .  tto»ly  acc«8pU8te»®nE  of  that  end. 

V'  Figure.  2-1,  2-2.  and  2-3  shew  tfte  organlMtlonal  structure  of  the 

WS-430ft  required  for  loagery  exploitation. 
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Figure  2-1.*  Organlzutlona I  Structure  of  the  WS'430B 

QIC.    The  officer  In  charge  of  the  WS-430B  complex  h«i  a  knowltdgt 
of  processing  and  Jnterpretatlon,    He  Is  directly  rcoponalbl*  tD  the 
squadron  commander  for  the  operation  and  control  of  the  c<MBpl«x. 

'MOBILITY,  ADMINISTRATION  AND  TRAINING  IWITS.    The  nobility  sectlosi 
Insures  compliance  with  mobility  manuals  and  opetatlont  plans.  This 
section  directs  mobUJzation  of  the  complex  when  It  Is  to  be  deployed. 
The  administration  unit  does  all  typing  nnd  controJa  classified  docu- 
ments.   It  rflso  Bwlntataa  required  manuals.  reRulatlona  and  operational 
instructions.    The  training  unit  roonitora  ull  training  progrtos  in  the 
complex.    The  personnel  in  this  unit  work  with  the  squadron  training  NCO 
and  section  supervlaors  to  comply  with  required  trainiOR  specified  in 
AFR  55-19. 

OPERATIONS  SECTION.     The  operations  Bection  conelsts  of  a  produc- 
tion control  unit,  the  Imagery  processing  unit  nnd  the  imagery  inter- 
pretation unit.    The  production  control  wnlt  coordinates  the  work 
between  the  processing  and  interpretation  units.    More  detail  will  be 
%lven'  to  this  section  In  another  part  of  this  SW. 

LOGISTICS  SECTK^.    The  logistics  section  is  hAslcally  in  charge  of 
th«  maintenance  of  the  e(|uipa»nt  in  the  complex.    These  peroonMl <  aais- 
taio  the  photographic  aysttms',  refrigeration,  power,  electrical  systcMS, 
and  plioiblng  in  the  ctni^lsx. 
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Figure  2-3.    Organizational  Structure  of  the  Loglsticfl 

Section  of  u  WS-430B 

DETAILEP  FUNCTIONS  OF  THE  OPERATIONS  SECTION 


Production  Control  Unit 

The  production  control. unit  has  four  nmln  functions.    Th«»e  sr« 
production  of  the  dally  product  Ion /sortie  log,  record  equlinoent  Btatus, 
iogiselcs  cpordioatlon,  ai^  corroBion  control.    The  d«lly  production/ 
sortie  Xof  CAF  Form  2598)  Is  a  permanent  record  of  the  mlselon  «b  th« 
fll»  BKJves  through  proceecing  and  printing.    The  production  control  linlt 
maintains  a  record  of  each  roll  of  film,  the  tine  it  entered  the  Ub* 
where  it  is  in  production,  and  *lte  due  out  time , 


9 


The  production  cmurol  unit  keeps  a  record  of  each  piece  of  equip- 
eretit:        tta  fuoetiof^l  status.    Wte«?R  Ruinceoasee  !•  needed  for  any 
~~  piece  0^  aquttwimt.  tTie  product iifi«  t«tttt^t  «»it«  e^#tiw««»^i*^«  - 
lotlaclctt  section  for  the  nalntemince,    U  also  works  %rlth  logistics  to 
Insure  sdequste  suppllt>s.    The  unit  laonltors  corrosion  control  (along 
with  the  nalntenance  unit)  and  schedules  malnteasnce  on  corroded  units 
according  to  nlsalon  requirements. 

!»anery  ProcesBinR  Unit 

Hie  imagery  procfrtalng  unit  ban  thf  responsibility  of  film  pr- 
occaalnR,  printing,  titling,  and  Quality  control.    The  personnel  assigned 
to  thlfi  aertlon  process  the  mission  fll.i  and  clean  It.    They  alao  make 
reproductiouH  of  the  flim  and  control  quality  to  the  limitations  of  the 
WS-410B  complex. 

Inagery  Inierpretttt Ion  Hull 

Ffrsoiinel  In  thf  lm.iK*Ty  Interpretat  ion  unit  examine  Images  on 
aerial  photography  ami  ..Irborne  senaors.     They  Identify  objects  and 
deduce  their  slgnlf  Icani  t-.     Tlits  timely  and  accurate  reporting  of  Intel- 
ligence inlurnuitlo!!  takm  from  the  imagery  is  the  primary  mission  of 
this  unit. 

DKSCKIPTION  OF  SHELTERS 

Kach  Hhelter  In  tlii!  WS-A30B  complex  is  designed  to  perform  a 
Mpet'il  (c  function  .ind  to  contain  certain  pieces  of  equipment.     In  ad- 
dition, each  unit  is  d*'Nign«ted  by  a  number.    Each  unit  has  an  assigned 
location  aa  well.     (See  t Ig.  2-4.) 

Expandable  Final  Kil  U    nui  Inapectloii  l.abH,  KS-bOB  and  ES~61B 

The  KS-60  and  KS-f.]  Hhelters  provldi-  the  work  space  and  equipment 
required  lor  final  eii  1 1  ing  and  lnapo<  t  loii  of  film  which  has  been  pro-  ^ 
cessf.i  and  pr  inted  lu  ihe  facility*  r»  othiT  laboratories.     The  ES-60B 
and  ES-6i  Uboratorleh  aiao  serve  an  the  central  access  to  the  remainder 
of  the  facility  and  an  * entral  conliol  points  for  power  distribution  to 
specific  areas  oi  thf  taclliiy.     In  addition,  they  provide  storage 
spactf,  administrative  aieas,  and  ptfrsonm-l  rest  areas.    The  ES-60B 
laboratory  also  i unctions  aS  a  command  post  for  the  facility. 

Continuous  Processing  Uib, 

The  ES-S9A  Hhelter  provides  the  primary  roll-film  and  paper  pro- 
cessing capability  of  the  facility  and  can  be  used  separately  to  fulfill 
a"  similar  need  at  a  reiB«»te.  site  if  required.  '  In  all,  *a  total  of  six 
£g„59A  laboratories  art'  used  In  a  coB^lere  faellii.>  (thfee  In  each 
httlf-faclllty) .    ProceHslng  is  done  In  a  Versamat  Model  ilCKW  Film 
Proceaaor. 
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EKp*»n44ble  Film  Titling  .md  CU'ttning  Ub,  KS-63A 

the  ES-61A  iitu>Ut.t  prdvsdes  thi«  equfprneitt  atrf  eeftWitei  enwtTOis- 
ment  tiecessory  for  film  titling  operetiona  and  for  production  control  of 
photographic  fllcB  proct^Hsad  In  th«  f^clilty.    In  addition,  the  ES-63A 
laboratory  Includes  fllw  cleaning  equipment  and  penaita  interis  storage 
of  in-procesa  film. 

Rxpandahlt'  I  uterprft  ar  Itm  lab,  F.S-ft'i  A 

Thf  Hlieltsjr  i.rovi.liis  chn  nceUid  capabilitlee  for  support  of 

nonsal  tactUol  Interpniation  fund  Lona.     Specifically,  the  laboratory 
Is  uwed  In  initial  scn'onluK,  detalJ.'d  ini  frpretatlon.  Indexing,  and 
pioltlnK  ot  tactlt  al  rei  onnai.sHance  Information.     It  also  provides  a 
capdibllicy  for  stor.igi'  o\  maps  und  ether  relatt'd  data  as  required.  -A 
security  file  (sate)  1h  Uicludud  in  theat'  ntorage  provisions.     In  nornal 
Hituationa,  an  ES-b4A  laboratory  la  installed  In  and  used  with  each  half 
o(  a  faiJUty.     The  labi'iatoty  la  also  capable  of  operation  aa  a  unit, 
independent  ot  thi'  fuciitty.     In  surh  remote  applications,  only  its  con- 
nection to  an  uluctrlcal  power  source  Is  required  for  normal  operation 
of  the  laboratory. 

Serlea  1  rrinting,  KS-S/D 

Th.;  l  :;  -  «/U  Hlu  lttT  liiifl  capabilities  tor  both  continuous  and  stcp- 
and-repeat  printing.    FlJm  to  be  printed  here  la  normally  processed  in 
one  of  Lhe  KS-59A  HhelitrH,    Continuous  contact  printing  is  don«  on  the 
EN-6A(:J)  printer  atid  nwuiual  lontact  printing  is  done  on  the  EN-22 
printer.    Step-and- repeat  printing  Is  done  on  a  Mark  TIR5  printer. 


Serltfs  I  I  Pr  intln^^,  KS-  SHD 


/ 


The  K.^-^8l)  Hhi'liei   IwtH  x\\v  capabilities  of  producing  projection 
printH.     It  is  dlviui»d  Into  a  darkroom  a!i.l  a  finishing  room.  Printing 
iB  dc  compl  iHhed  on  an  hN-'>2A  projeri  ion  printer.     A  sink,  print  washer 
and  print  dryer  arc  alHo  provided. 

Series  1 1 1  I'rlnt  Ihk,  KS-/  iA 

A  Niagara  Coniim»i<H  (untaci  Frlnii-r  provides  the  highspeed  con- 
tlnuouN  printing  rapabilUloa  nf  thf  KS- /  !A  shelter.     The  Niagara  is  the 
major  pleci-  «>f  *•  t(.i  Ipratni   In  this  lab.  but   it  also  has  work  space  and 
film  Htorage  fat  11 1  tics.     Although  UeslRned  for  use  with  the  entire  WS- 
430B  complex,  thla  unit  ran  he  used  Neparately  at  a  reoote  site  when 
elactrlcal  power  Ih  prtnlded- 

Qham|cal  Mixing  and  DiHirlbutlon  lab,  ES-65A 

ThiJ  sheUfi  prijvides  a  capability  for  relxing,  temporary 

storage,  and  distribution  of  the  daveloper  and  fixer  solutiont  required 
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in  the  facility  for  normal  fllo  procewlng.    The  laboratory  aX^  Jj^^Jjf". 

^  for  mixlntt  and  storage  of  chetnical  iolutlona  requlr«4  by  the 

Tadlr  mm   rrr^UtoJ-pJoc^aaorCB)  aometLaa  in.taUed  in  «ora  of 

radar  "J"  ^Y^'^JJ^eoA  laboratorleB.    Corr-  iator-processor  chonlcalB 
^ul  t'iiv^e  .  hare\ote  ^carried  to  the  ES-59A  la^^-^-J-^,^, 
Xreis  the  ch;«iaal  solutions  for  normal  fil»  "fi^'  rlee 

mbu«d  by  the  facility  chemical  supply  .^yBt«a.  TVo 
Ire  no^lly  Installed  in  a  complete  facility:     one    "  ««^;;^^«^4:,,^ 
flclU™    Each  ES-€5A  laboratory  normal  v  service^  the  three  ES-59A 
Uboratorles  in  Itn  hali  of  the  tacllUy. 

Malor  elements  of  the  ES^65A  labornlurv  Include  four  Pake  Hydro- 
•.ixer^  mirinR  valvcB  (one  for  .  «ch  ivo  hydromlxers) ;  t«o  pl-Btlc. 

f  ve-glll-  "uinp,  and  storano  tan.,  for  the  correlator-proreasor 
chemicals;  and  «  portable  n,lxer  (or  utility  purposes. 

Sensitized  Materials  Storagf  Shelter,  FS-6A 

The  FS-6A  provides  refrigerated  storage  space  for  the  P*»°»^^8^;P^*^ 
...erlats"  I"  to  .000  pound.  (118  Kg)  oj  -J-i;;^^-    «  ;rec:'nd  "1:^-" 

:-^r/givfn^::^:iL^r.^r.r;Tr:::t.i;: :if5:i     .hia  shelter 

can  be  used  by  itself  when  electrical  power  I.  supplied. 
Expandable  Hiintenance  Shelter.  FS- ^A 

The  FS-M  photographic  ..Int.n.ncc  ^^^-P;-^^^"/,;^^,^^ rUries 

asBociated  .qulptnent  renulr.d  for  ^  ^"^ -'^''^'■^ J^/'^  ,;;'*Hop  ll.o  ludes 

•  r^l  itt  !  lacll  ttv-levt-l   i  ntt-rconnrc  t  ..lu  i  pwnt .     ihe  shop 
,,.u,  relate.!     ''^^^^y       „e.e«Bary  nv.  I  nt.-n,.ncP  ..qulpmrnt.  TrcoiJfl,  a,=d 

rtor'™;'^  rr.rr^::.;:::;:  :;:\rr.re:J;Ta";iwe/controi  anddi^r. 

.belr.rs  in    ha    h      -  .u   11  >  u      ^^^^^^^^^    ^^^^^  ^^^^^  ^^^^ 
uorTnally  n^r.i  a;  r-'^t  <         vv.  indt-pencirnt 
facllUyK    tn.  F;...  ;A  m.,lnC.na,K.     ho,  .  -     a     .  ..e  ,,ectric.i 
unit     If  ci<'..'reU.      In  -un-h  an  ap|.]  1<  a .   .m,  .  s.c.a 
"wpr  to  tm.  Hhou        r.-quir^.d  for    .onunJ  op^rHtlon- 


MOBILITY' 


The  WS-430B  complex  must  be  maintained  in  a  high  state  °^ 
ness      ?he  complex  Zst  be  ready  to  deploy 

rill'    Because  Of  this  requirement,  personnel  must  be  ready  to  dls 
time.    Because  01  v  *  ^  .^__„_„t,^p  f^..  complfK  wherever  needed- 
rtBsemblc,  help  deploy  and  reaHseron.*?  in    i  » 
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,       rn  ^rr  •  .r  to  deployP.  any  lime,  plans  must  be  made  in  advance  of 

.ny  Blt^aUon.    Recall  ro.tera  »uat  be  "P-^°;;j*^^^  Pf^^^Hie^el^ 
notified  to  report  to  the  cooplex  «l  once.    As  the  ^  .JfJ^L 

SlLae«bled.  ihese  personnel  n,u.t  al.o  ha  «"t^^«^«;^^„J"  ^JJ^^^' 
the  traasportation  squadron  taust  supply  the 

flhelter  i«  «ade  ready  and'  the  transportation  li  made  available,  checit 

tlBta  m.iac  be  kept  to  Insure  proper  handling  of  the  shelters. 

TU«  oih^r  prepUnnms  ntep  Is  1  or  a  person  knowledgeable  of  WS- 

/<iO?i's  to  Hurvsy  the  nt-w  site  fur  the  complex. 

>'kJbilltv  Rt»spi>n«lbl  lititH 

The  OU:  h.«H  overall  n-apoaslbillty  for  mobility.  He 

.ttendH  .11  aeployme^u  hrlefingB  an<l  gathers  as  much  1"^°^^^"  . 
possible  cuucernm,  the  deployn^ent.     Tl.e  NCOIC  U  "^^^f ^"P" 
vieinft         portions  of  a  mobility  exercine  or  actual  deploytrent.  He 

revieL  .u'procedure.  and  checKllstB  for  --"^^ '  ^^^^^f  ^^^^^J.J^t 
co-plUnce  with  directives.    He  coordinates  all  deployment  activities 

and  rPiiolveB  problems. 

Thi^  iBcblHty  NCO  Is  responsible  for  developing  mobility  procedures 
and  ch;:-HUts  for  any  operstional  requirement      "-^-^^^-^^.^J^^ V 
mobllUy  crews,  ..tH  up  personnel  processing  schedules  and  »«^jalnB  a 
BtLuH  roHier  for  per«.Mmel  Immunizations.     F^ch  packing  and  mobilizing 
t  rchief  IH  rcHponslble  for  »eelng  that  each  shelter  i«  P-^f ' 
Lected  -n.l  marshalled  un  time.    He  Insures  that  crews  have  the  proper 
toolH  «nd  ^  .    pment  fur  mobilizing  the  shelters. 

11,e  maintenance  NCC  monitors  the  mobilization  of  the  ^^^J^^^^*^ 
uenetaicrs  and  Hup.rvlses  maintenance  pc^rsonnel  in  di^^n^^^^^^^S  P^«" 
and    n Urcom  cablen  and  water,  drain,  and  air  lines.  The 

JoLainator  controls  the  WS.430B  ar.a  checkpoint.    As  ^^-iP^^^^ 
paLc.  thlH  area.   It   is  checked  oft  on  .  oples  of  the  load  lists. 

Th«  final  inspector  Insures  that  shelters  have  been  properly 
placed.     Uc  .signs  appropriato  forms  certifying  this  action.    The  WS- 
UOB  moiL  or  H  dt'Hlgnated  alternate  Is  the  final  inspector. 

Facility  }'r  i-paral  loii  aii.l  Stepup 

Upon  arrival  at  the  deployment  sit*^  some  preparation  and  planning 
ts  necUaary  before  setup  bagloa.    Some  '  °^ 
water    drain  point,  pi»wer  sources,  surface  condition.,  aod  the  nifli*er  of 
shelUrs  deployed.    Xf  ter  the  plans  are  made,  the  shelters  are  «.ved  to 
?he  sue.    The  shi'ltera  ar^  placed  on  the  site  in  the  proper  sequence 
and  order.    Klnally.  the  shelters  are  connected  to  the  power,  intercom, 
water,  drain,  and  air  lines. 
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Kobllicy  ExerclBes 

In  order  tor  all  pcFsonnel  to  be  ready  for  Instant  deploymtac,  ««ch 
tfS-43QB  complex  will  exerclae  n  deployment  at  least  once  each  ysar. 
This  means  that  the  complex  Is  roobillsed  and  reasseoibled  at  lesst  once 
each  year.    In  additioij^,  the  personnel  muet  process  actual  mission  or 
previously  exposed  film  during  any  Huch  exercise. 

THE  DUAL  BASING  PROGRAM 

The  concept  of  dual  basinR  means  that  a  squndron  which  Is  physically 
assigned  to  one  location  supports  another  command  in  a  different  location 
other  than  their  home  base.    This  mans  that  a  stateside  unit  will  be 
ready  to  move  to  an  overneas  base  i<»  «upp«»rt  the  misMion  nf  that  base. 

The  purpose  of  thlH  proKram.is  lo  -mpport  US  commitipents  to  European 
allies.    No  speciul  training  la  required  tor  photographic  personnel 
except  that  they  must  r«Mmiln  prof  Id  wt  In  nwblll7.1nK  Rhelters. 

(•(^RROSXON  CONTHOL 

Because  of  the  large  amount  of  mpta]  used  to  construct  the  WS-430B 
complex/  corrosion  Ig  a  ronst^.nt  problem.     The  two  m<Hn  rausps  of  corro- 
sion are  climatic  c.nndn<tmH   ind  th''  <ibc  '>f  corroHtvr  chemicals. 

Climatic  Conditions 

The  metu]   in  the  WS  AjOB  corapli  x  in  .tiU-hly  «ff*?<  »rd  hy  waathpr. 
Not  only  doen  r-iln  nmi  humldltv  aflrrt   -.ufHUJe  porrlons  of   the  facility, 
but  personnel  tracking  In  WHtf.   .ontribufc  to  roiroHlon   Inside  the 
unltn.'   When  the  cu.npli'x    Is   1<..  a.rd    In  .«  hnmli\  rllnuUv,  c  orrosion 
becomes  an  trven  bip.Ri'T  vvohlwA  t'jnfi  w.Hn  U  iP  located  in  a  dry  cJlmaLe. 

Corrosive  Cliemlciil  i  '  f 

The  main  snurrp  of  r  orroalon  t     the  --heraical  latU'n  atmosphere 
Inside  the  wrt  pro^  oMRin,-,  ruci)lti«-M  nnd  u.-.ter  Mplash  from  cleaning 
attempts.     Tl.t  rh<-nUaU;  used  in  photORrrtphy  .»r«'  biglily  corrosive.  . 
Special  core  munt  he  Uik.Mi  to  Insui  <•  that   all  cherolc/«l  leaks 'and  spills 
are  properly  cleaned  up. 

Ident.if  ication 

No  corrosion  co,ntrol  program  cm  work  without  the  full  cooperation 
of  all  personnel.    Everyone  must  fipnstant  ly  be  aware  of  the  formation  of 
corrosion.    The  people  mo»t  likely  (o  notice  corrosion  build  up  will  be 
those  individuals  who  work  .laiiy  4.n  a  paiiicuiar  shelter.    Those  per- 
sonnel in  the  wet  proceHBing  shelteis  must  contlnuaUy  watch  for  any 
signs  of  corrosion  3lnc««  "it  Jm  more  likely  to  o<:cur  there. 


ecwrrtJi-tion.    ,  .  ^    ^  .  , 

.•,M  r.'rtUm  mupf.  hi-  uu^di-  qulcMy  lo   u.y  .     rod'-H  area  before  the 
problen,  mralerar««.     H  hIIow..!  ..o  r.rmiu.         corrosion  can  cause 
Llcr  dntmiRC  no  rhr   .hrltPf  t  t.u«  hlnrtcrtuH  lI.c  ml^.^on  of  ^he  comply. 
Zpott  .my  Signs  ..f  corroHlon  a.ul-  to  a  .,upr..vl«or.    Do  noV«lt 

for  periodic  toHlnreuanr.  or  An  ln«r-«:in.  .    It  miy  l.c  too  l«t*>  then,  , 


•  # 

rw,.  vnt  :   w.vM  in  M.  UK,  roi.  i.inn  nr.ordlng  to  AFR 

^VIO.     Th..  fi.-.t    i,.   In.rih,.  ,,.r.,..M.uf...  ^1   .^-rrostvn  vapors, 

.tr  cnHilrioni-u.  .10.  ..   ■   -   .y  i^-nh  outside 

n  th.-t  "  -  '  "'••■'■"^       mirfaf.«a  that 

.ip.ht  r..rro.l«.  Al'.o.  .  loMn  flu-  Hh.;n.,  t  t  .n  hut  do  noc  HoU«h  water  on 
oqiiilipieut .     K«»-p  lint  1  inorn  .irv. 

I  m;  (Hi;  -\mi,'  i'' i '■'  '  'I  1  ■'  j  ^  ^>  '      ' '  ''^^ 

u'  i     \»:     .  t,  I  1  cx .  1  wf)  of  the 
.  ic     ,    ,  iM  t'u-  j..f,i.jt:ic8  officer. 

DION     Imn.'i  f 'Uit    Mt    .lit-  '  '  I' 

11  .  ".I''    .''    ^J'  i'«?en  5iu>n  cloned.  He 

,f.;.l„.i.  ,iii..,rMMi,       ...  1  i...H-.rl  ..  .  h.-.w....-.,  .,pei«i.i<.mj  .md  logUtlM 

ol   th»-  H<it'(id r'ln 


* 

i{r  in/»n<m««  this  area 


.  .r.i.i,        11..,  •    t''-       i'-  •I'HponslbXe 'to 

loglnrlrfl  rontiol   unii  I. -If  Hi  t  !umi.    m'm,..hm  i l.liit.it-fl . 

itn.  i:s     .  CO!  .'i  KX 

-MM-  w:.-4iUB,.ompl..        -Ki.n  .   Ill',  y  ;ov  processing' 

rP<onnaiHa«nc,.  fU««.  »-t  Ih  nor  d.Mip..,i  to  ,.rM,...n  ^ir-ture 
filB.  The  E.H-HS  c«tiBpl**x  Is  dewimt  d  f^>  Htvo  tl.t  A^t  torre  the  saoe 
mohiic  capabLiity  wU  l»,  i  »M.t  h>n  pi  tur*»  laDor«t(  tv.  ^ 

Tht'  }-:.-i''.H  .on^tirttH  ...  .^..-tf-.r:.      n>cHf  shelters  can 

be  Atr  Mftei*  ut  m-wnd  i.y  h  "und .  i,«t  ton .    The  facility  Is 

::w     JAdR?  •  '^n-    .       1  i 
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uaed  for  tactical  strike  photography  support.    The  facility  «  ^» 
to- produce  inotlon  pictures  of  strike  photography  at 
♦   a?tcr  the  aircraft'has  landed."  This  film    cp«n«nly  ^«i^f^«r^f»J"  . 
film)  is  used  to  brief  the  combat  crews.    Color  and  black-and-iHilte 
notion  pictures  can  be  procesaed  and  printed  in  this  facility. 

-  QUESTIONS 

DO  NOT  WRITE  IN  THIS  SW,  USE  A  SEPARATE  STOET  OF  ^jSm. 

1.  What  .13  the  largest  single  factor  in  achieving  and  laaintaining 
an  acceptable  level  of  cleanliness  in  a  photographic  laboratory? 

2.  How  many  shelters  ure  irt  «  complete  WS-«03  complex? 

3.  Whl-ch  unit  in  the  WS-430B  complex  directi  Bobilization  of  the 
complex  when  It  is  deployed? 

4.  Which  shelter  can  perform  continuous  and  atep-and-repaat 
printing? 

.     5.    What  are  the  duties  of  the  NCOtC  of  the  WS-A30B  complex  during 
a  mobility  exercise? 

6.  What  special  i raining  Is  required  for  -photographic  personnel 

concerning  the  dual  basing  program? 

7.  *  What  Is  the  nu.ln  source  of  corrosion  In  the  WS-630B? 

8.  What  can  b.  the  results  »t  not  reporting  corroalon  ionedlately? 

f 

9.  uni.il  art-  the  two  mi*in  ntepa  In  prevention  of  corrosion  In  the 

WS-4  30B? 

10.    Who  has  the  prime  responsibil'li y  for  n^bllUation  in  the  WS- 

4  30BV  ■  ,  . 

.11.    LHbcrlbc'  Uu-  op^-rntlnK  priurirl      of  a  pre.-,i9lon  processing  laboratory. 

EXERCISES 

Kxer<  l3P  t 

r 

PROCEDURES  -  - 

1.    LlBt  on  pa^fer  six  examples  of  physiological  problems  that'  ar6  - 
detrimental  to  clean  room  operations.  ^  ^ 

i.-  Write  the  mission  of  the  WS-4 iOB  on  paper. 

-  3     List  the  basic  responsibilities  of  the  Production  Control 
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73    ,  .   .  ■ 

4.  U«t  the  b»atc  re»f>ofwibilieie«  of  the  Xoftgeiry  Iat«r^et«tio« 

~r  mtt»  ■  ■    ■   -  ■  •■"  • 

5.  U»t  the  baalc  ce»pon«lbllity  of  th«  Itwgery  Procei«l?ig  Unit. 

6.  JWitch  th«  WS-430i  shelter  In  colpvn  A  with  the  phrase  io 
colUMi  1  thftt  4eacrihee  the  unit,  Ite  function  or  equlprnt  It  contain*. 

it 

/  Coliwi  A  Column  B  . 

;  - 

f 

/ 

ES-59A  .    1.    Can  produce  projection  prints. 

ES-7'3A  2.     Contrtlno  an  EN-22A  printer'. 

i 

ES-57D  3.     Provide*  primary  roll-film  and  paper 

processing. 

ES-6A 

4.  Provides  refrigerated  storag^ space. 

♦ 

5.  Contains  the  Niagara  printer. 

/.     List  the  Hteps  for  maintaining  a  mobility  capability. 
8,    Write  the*  purpose  oi  t^e  dua)  basing  program. 

Write  two  major  causes  of  corrosion  in  the  WS-430B  cofaplex. 

10.  List  the  three  general  reftponsibllltlee  of  all  personnel 
asBlgned  to  a  WS-430B  complex  in  supporting  an  .elfectlve  corrosion  con- 
trol program. 

11.  Write  the  main  responsibilities  of  the  OIC  and  the  Logistics 
officer  In  «  WS-^30B. 
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Sciences  Branch  SW  C3ABR2i330  001-II-3 

Lowry  Air  Force  Base,  Colorado  October  1977 

MATHEMATICS  USED  IN  PKOTOCRAPHY 

OBJECTIVE 

Given  photographic  related  math  probleme  and  log  tables •  solve  80 
percent  of  the  problens  correctly. 

INTRODUCTION 

At  first  thought.  It  may  seem  unneceaiary  or  even  tiseless  to  study 
math  In  a  photography  field.    However,  upon  closer  examination,  one  will 
see  that  many  common  .every  day  functions  In  photography  are  based  on 
mathematical  principles.  ^ 

Measuring  chemical  characteristics,  determining  development  tins, 
and  measuring  negative  densities  art*  a*Tl  based  on  mathematical  functions. 


INFORMATION 

MATHEMATICS  HEVIEW 

This  section  Is  lntt?nded  .ss.a  basic  review  of  mathematics  with  an 
emphasis  on  those  functions  used  most  Qfi-n  in  photography-  Depending 
on  your  background,  thin  may  be  a  simple  review,  but  be  aware  that  most 
mistakes  are  made  by  .^jre lessneas  during  thene  basic  operations. 

Accuracy  Ib  tnust  injportani.     A  wrong"  answer  bus  no  value..  In  fact, 

.i  wrong  answer  can  he  worse  than  no  amswer  at  all.  If  it  causes  yoo  to 

damage  valuable  mission  t  11m      learn  the  ntH  t  hematic  a  1  processes  so  that 

accuracy  and  speed  become  standards  for  you. 

Basic  Arithm«»tlc 

There  kre  four  fundamentrtl  operations  in  arithmetic:     addition,  - 
Hubtraction,  multiplication,  and  division.     Ml  other  arithmetical 
oper^itlons  arc  eiti»er  derived  from  one  of  these  four  or  a  combination  of 
two  or  more  of  thkm.    Vcn  may  fcnew  all  of  these  operations,  b*it  in  a 
precision  laboratory  even  the  simple  things  should  be  reexmiined  with  s 
view  toward  improvement. 

ADDITION,     Addition  is  the  operation  of  finding  the  sum  of  two  or 
more  numbers.    When  adding  several  numbers,  place  the  numbers  in  a  ver- 
tical column  so  that  the  decimal  points  are  all  in  the  same  vertical 
line.    Be  »ure  to  do  this  accurately.    If  no  decimal  point  la  indicated, 
the  paint  Js  issumeid  to  follow  th»  last  di%it  to  the  right.  B« 


FfillTur*  to  do  ttttfl, "other ^t^an  incorrect  aiftftttiim,  f *  ft«lRtWy  ^  «J»t 
conaon  error. 

When  adding,  be  car  etui  ch*t  all  nuiiberi  are  tn  like  units.  Alnost 
all  ifuabars  which  urise  In  practical  arithmetic  are  concerned  with 
definite  aiaounts  such  as  a  100  f««t,  25  milea,  10  mlllil'itera  and  ao  on. 

These  are  called  units.    Tn  additiqn,  ell  the  unita  ouat  be  the  saae. 

SUBTRACTION.    Thin  1b  the  operation  of  finding  the  difference 
htrvc-ep  two  niimherH.    Am  In  addition,  it  la  neceteary  to  subtract  like 
units.    Oncn  again,  it  is  iapoftant  that  decimal  points  be  properly  . 
aligned .    Be  especially  careful  during  any  ^'borrowing*'  process ^ 

t>ubtractlun  In  a  slmplt*  proceaa  and  because  of  this  simpliQityt 
^rrotM  can  be  made  through  careleasneaa .     In  a  precision  photography 
lab,  these  eirorb  could  provt!  diaastroua.     With  this  In  mind,  it  VK)uld 
pay  to  reeKamlne  your  own  methods  with  a  view  tovard  improving  th^^  if 

necennary, 

Ml!LTl^IJC.^TION.     This  Is  probably  the  moat  cciwon  procesa  used  in 
arithmeiic.     iL  in  a  short  im^thod  of  adding  a  number  to  .Itself  as  many 
tiffics        indicated.     The  numbers  which  are        be  multiplied  are  called 
Che  multiplicand  and  the  multiplier.    The  answer  is  called  the  product. 
In  the  tivp -t^^Hlon  7  times  3  equals  21     7  is  Xhe  iwltiplicandt  3  the 
muJtiplier,  and  21  the  product. 

Be  sure  to  loiiate  the  decimal  point  at  the  proper  position.  When 
theru  .*re  decimal  point  h  in  the  .imal  t iplicand,  multiplier  or  both,  they 
are  ignored  until  the  final  product  Is  obtained.    Tc  place  the  decimal 
point  In  the  final  product,  count  off  chi»  number  of  digits  to  the  right 
of  the  declwal  point  In  both  the  multiplicand  and  the  multiplier.  Next, 
count  1 rom  right  tn  lett  in  the  product  for  an  equal  number  of  digits 
and  inaert  the  decimal  point. 

Mnliko  uildlriua  and  subtraction,  rau  1 1 Ipl ica t Ion  of  different  v^nits 
can  be  pertormed,    Huwtv^sr,  not  juat  any  or  all  units  can  be  multiplied. 
There  must  be  a  relationship  between  them  such  as  watt-seconds ,  feet  per 
minute,  roan-hours,  etc. 

DIVISION      HiJh  o|m   at  ion  Is  the  reverse  of  toultiplication.     It  is 
the  procesH  of  ilndlng  isow  f^iany  times  ont*  number  is  contained  in  ahothera 
The  number  to  be  divided  is  called  the  olvldend  and  che  number  by  which 
it  is  to  be  divided  Is  the  divisor.    The  answer  is  the  quotient .    In  the 
enpresaion  «  divided  by  4  equals  2^  8  is  the  dividend^  4  the  dlvieor  and 
2  the  quotient. 

^Correct  placement  oi  the  decimal  point  is  as  important  in  division 
as  in  any  other  process.  If  decimals  are  present  in  eithe^r  the  divisor 
or  the  dividend,  it  will  become  necessary  to  place  the  decjlmal  in  its 
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proper  place  in  the  quotient.  To  do  so,  move  the  deciml  In  th«  divisor 
to  the  extreme  right  of  the  last  figure  In  th«  divisor.  Then  nove  the 
decimal  point  In  the  dividend  to  the  right  of  Its  pressnt  location  the 
saoe  nunber  of  places.  (It  my  be  necesisry  to  add  zeros  to  the  right 
of  the  dividend  In  order  to  place  the  decimal  correctly.)  The  decimal 
In  the  quotient  will  now  be  in  ii  direct  line  with  the  new  position  of 
the  decimal  In  the  dividend.  * 

Another  time  that  decljnalfl  are  encountered  In  division  Is  In  deal- 
ing with  remalrtderd.    It  Is  very  untiomwjn  in  division  to  have  the 
divisor  go  into  the'  dividend  exactly  oven.    When  this  happens,  a  remain- 
der is  indicated.    Most  often  the  remainder  is  indicated  as  a  decimal. 
To  do  this,  zeros  arc  added  to  the  right  of  the  dividend  and  division  la 
continued  three  to  four  more  pUcee.     HiIh  many  places  is  usually  suf- 
ficient for  most  photoKriiphlc  problems. 

Signed  Numbers 

The  sign  before  a  number  mprely  Indicates  whether  the  numbar  is 
positive  (greater  than  zero)  or  neg.itlve  (less  than  zero).    One  must  not 
confuse  the  sign  before  a  number  with  thr  functional  signs  of  addition 
(+)  and  subtraction  (-)  even  though  they  look  identical.    Solving  the 
problem  4  minus  3  will  give  a  much  different  answer  than  will  the 
probletn  4  minus  -3.     Tlie  first  will  be  1  while  the  serond  will  be  7. 

LIKE  SIGNS.     Wlien,  adding  numbei  m  with  like  signs,  that  ia,  all  r^e 
positive  or  all  aru  negative,  the  sum  will  have  the  same  sir,n  .he 
numbers  that  are  .Hded  ttigether. 

To  subtr.ict  isnmbfr';  with  like  slgiis.'  f li  st  change  the  sign  of  the 
bottom  number  .     It    It    Is  positive  'th.in>.',.-  it  to  negative  and  if  1 1  is 
negative  ch.HU',e   If    to  p.^sitive.     Se.  on.5 ,   Und  the  diSierence  between  the 
numbers  and  i»ilti^.  glvt-  the  answer  the  -^ign  of  the  larger  of  the  two 

uumbfTs . 

The  rule  in  m-i It i pHcat Ion  is  vi-ry  slniple.  Wlien  numbers  of  like 
signs  are  nui  t  ipl  I'-.l  toRi-thor,  friu  produ,  '  ! aiWBvy  pcnitlve.  Slpi- 
larly,  when  ..umb.M  <.t  Mke'-.iHUb  .«re  dlvUlinl,  :hr  <pjotU'nt  ly  always 
positive. 

UNLIKJ-.  SIGNS.     Addition  with  unlike  signs  (one  number  Is  positive 
and  the  other  is  negative)  Is  similar  to  subtraction  of  like  signs. 
Find  the  difference  between  the  two  numbers  .»nd  then  give  the  answer  the 
sign  of  a  larger  of  the  two  numberH. 

To  subtract  numbers  of  unlike  signs,  change  the  sign  of  the  bottom 
number.    Tben  add  the  numbers  following  the  rule  given  for  addition  of 
like  signs. 

/ 
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  Que*  wiifel^l4sj%tlsB  ^  d4vi»i0tt  rule#  are  easy.    II,  mia^rs 

of  unlike  Blgas  *r©  Bmltlplied  or  divided,  the  answer  will  always  be 

Heruare  some  examples: 


Like 

Signs 

Unlike  Signs 

addition: 

A 

-A 

-4 

4 

3 

-3 

-3 

7 

-7 

-1 

1 

Subtraction: 

A 

A 

-A 

4 

3 

1 

-1 

-7 

I  7 

Mulr  ipl  ii  ation 

4x3 

-»  12 

-4  X 

-  -12 

-4  X  - 

•1  -  12 

4  X 

-3  - 12 

DiyiHion: 

12  ♦ 

4  -  J 

-12 

♦  4  -  -.3 

-12 

4.  -4  ^ 

3 

12  ♦ 

^4  ■»  -3 

4 

LogarlchntH 

Of  -'1  th«  mathematical  prdcesaea.  the  use  of  logarithms  Is  the  one 
most  often  uaed  in  photography.    Exactly  how  they  are  used  will  be  • 
taught  later  in  this  block;  but  first  a  working  knowledge  of  logarithms 
n»u8t  be  learned. 

A  loRarltlun  Is  simply  the  number  of  times  that  a  number  must  be 
multiplied  by  10  to  equal  ix  given  number.    Stated  another  way.  a  loga- 
rithm is  the  exponent,  or  power,  to  which  a  number  must  be  raised  in 
order  to  equal  a  given  number.    To  understand  this  better,  examine  the 

fcllawflng  chart. 
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Given,  tiuaber  VoymtB  of  Ten  IflRfittp 

10.000  •    ,  ^-^QO 

1,000  10^  ^'^^^ 

100  2-°°^ 

10  •  10^  ^'^^ 

^  10°  0.000 


o.r 

0.01  . 


10"^  1-000 


10 


-2  •  5.000 


0.001  10"^  1.000 

.0.0001  10-^  5.000 

All  of  the  above  are  exact  powers  of  ten.    However,  ^ja-^^^f  J*" 
be  used  to  equal  any  number.     In  this  ca«e  the  digits  to  the  rlght^f 
the  decloal  point  will  not  be  zero  as  they  are  In  the  chert.  Insteeo. 
they  will  be  a  ,aet  of  digits  found  on  a  logarithin  chart. 

For  those  numbers  that  are  not  exact  powers  of  ten.  ^^e  loR^rtthm 
consists  of  two  parts.    The  part  to  the  left  of  the  decl»a      •  called 
^hc  characteristic  and  the  part  to  the  tight  of  the  dsclmai  Is  the 
^nt"  For  eLple.  the  log  of  595  Is  2.774S.    T^e  ch.racterlstlc  Is 
Tand  the  mantissa  is  .7745.     The  characteristic  I.  found  by  inspection 
and  the  mantissa  is  found  from  a  log  table. 

CHARACTERISTIC.     Hie  characteristic  tails  which  power        ten  1» 
used      It  is  determined  by  the  placement  of  the  decimal  in  the  given 
nu^;r.    The  characteristic  can  be  found  by'foUowing  the  following 
rulen. 

Vhen  the  given  number  is  a  whole  number  or  a  whole  nua^er  end  a 
decCl  fraction,  the  characteristic  will  he  positive  ^-^^^Jf J«  f 
lI^S  than  the  number  of  figures  to  the  KEFT  of  the  decimal  ^olnt  In  the 
given  number. 

Wliole^number  2 
Whole  number  and  fraction        «»fl7.ft2       Character leeic  2 

(NOTE:    If  a  given  number  Is  between  I  and  10.  the  charecterlstlc 
will  be  sero.) 
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M     i^^x  r«^Mi-rinn    th^  characteristic 

the  dectOMil  point  and  the  first  signUlC|^nt  rig« 

.  ,      ^.  „  .4820        Chawtcrtstlc  1 

MANTISSA.    The  »antt»..  denotes  Che  ;;:;;rti,e  T.^ 

1»  found  m  rthe  poSltloo  of  the  deel».,l 

Jlgas  in  tl,c  -rcl.'.  i--^  1  fit  595  la  .7745  »r.d  the  nantleea 

•  rin^.r.nr r^^r-  r  .'r.;i:;: /:urL^?e/o„.v  -  the.  cha.ac- 

f  rh.  .Un  nl    tiu^  rharacterlBtlr ,   the  nuintlssa  is 

liiways  poHltlve- 

V         4<rct  .ii^fprralne  the  character-- 
,,,,         l-^--*""^;^^-^  ""t:"      n  :^UBSa  from  the 

bv  u.-ilnR  tlu'  abov.-  ruUa.        ''^^  ^    logarithm  table, 

t.bi;.     (Unor.  ih.  d.n  im.l  place,  ^^^P^^/J,^/;^^^^  two  digits  pf  the 

(aee  i  ig.   ^  D  ^^'^n'thc.  table    aid  the  top  row  contalhs 

nuiabern  who.e  mantiHBUs  7"/"        ^^^^  o    595.  find  59  In  the 

third  ai.lt.    .muB  -         '^^  rjumn  aider  5.  and  opposite 

lelL-hanU  .  .Iu«b.  ami      at         ^^^P' ^ .^fla,       a«l„g  a  mileage  chart  on 
59.  l«  Che  .nantlHBa    ^^^^^^'^^^^^"^i^g  for  finding  the  charac- 

a  ruad  aap.)    Therefore,  fallowing  ^«  ^      „f  595  ^ould  be 

terl«tlc  ana  the  log  table  for  the  mantlsea.  the  g 

10'^^^^  enualB  595.    Another  way  of  expressing 
This  means  that  10  equal b 

thin  1H  log  595  -  .'.7745, 

fh«r  l  orresoonds  to  the  logarithm, 
ANTllons.    To  flna  ^^%"^^^^;^:\;'crired  finding  the  antiloga- 
you  perform  a  reverse  operation.     mis  is  caii 

vlthtn  or  antllog. 

,„..  „-...v  o,  ~  ;-^-r.;rtheTefr"  tUht. 

the  lour-dUlt  fift..reH  (the  ';""';.ge.  To  find  the  entilog 

Une  by  Une.  down  the  l-^y  f\'jZZ'Z  Ind'found  to  be  Une  57  under 

coliinm    N.    to  the  leii.  »        ph..r«c:teti9t(c  cf  the  log  Is  1.  there 
the  .mnb.r  are  ^M.  point  In  the  nunbet.  There- 

rr:.^:hr.r':/vrr?;^2£re£^ 
Tuis:;  r:« r:bo^!/;.::bei!t:tn;  r di.^  t„  th.  ua the 

S«l«l  point  «'*^"' 

Aftet  t.,e  -ntUo«  he.  -™  --J;..-  reTuLrinrru!«!'' 
propsr  place.    To  accomplith  this.  obe. rve  cne 

SW  G3^BR2  3330  001-II-3 
6 


Common  l§§9rithm$ 


>  I 

Q  i 


O  3 
^  p. 
I  o 


0000 
DIM 

13  I  t»39 

14  I  1461 


IS  I 

22  h*w« 


I  27  * IJi* 
29  ♦  4t J I 


I 

1790 

2ajo 

2»I0 

nil 

i:>20 

1997 

4030 
*lrtT 


QOM 
0492 

209:^ 
4 

4'/  »4 


0128 

0899 

121^9 

1A«7 

2t« 
23»0 
262S 
2^i^ 

403t 

I  j6a 
4 


4rs6 

:^:2i  :»a40  ^>4 


35  '  >4II 
3t>  S.">ni 
37  I 

39  !  :>9n 

40  1 

|!  f>12» 
^H2J3 
4«l  1  *Vi33 

41  ^ 


4ii 
47 

%H 
€9 

Ml 

S2 
>3 
$4 


«T2I 

f.»i2 
6%^ 

^990 

7iM 
724J 
7321 


V4j3  »I*^^ 

jo94 

S923 

624J  6i:a 
64H 

teV  «4» 

fffSO  1919 

«»l  61130 

6ill  M» 

1996  7m 

TOM  1M3 

7169  Tir: 

7UI  ns6 


.»9t4 

fel<*4 

66^6 

11749 

7!0l 

7267 
7M0 


oiro 

0569 
0934 

1771 
1^ 

1875 

24a& 
a64« 

23rr8 

3.SC2 
3^?a 
3liTi 

49fti 
5843 


0312 
0607 
0959 
1303 
1614 

1903 

2175 
2430 
2672 
2900 

* .  .  ^ 

I 

4 

IMJ 

>  t  s 

y: : 

5740 
5'>66 


6064 

6274 
ft373 
6471 

6S7I 
66U 

fm 

6Sffi 

ns4 

7!  16 
7193 
777^ 
7»MI 


62M 

G30 
667J 
$767 
(6^7 


064S 
1004 
I33& 
1644 

1931 
2201 
2455 
259^ 
29^:3 

3541 

3779 

4^;9 

44<>^ 
4  •'W 

4rt3 

4V" 
49^? 

1 1  f 
V>3i 

(H93 


0294 

ORB 

1038 
1367 
1673 

1969 
2?2t 
24M 
2718 
2^5 

3747 
3927 

4099 
42t>3 

4  4;^ 

4  ' 

4«»T; 

I'  .  4- 

>|03 

.^-«77 

4096 

6304 
6405 
6M9 


0334 

0719 
1072 
1399 
1709 

1987 
?253 
2604 
2742 
2967 

3479 
37^ 
3W5 

4n6 
4281 
4^ 

474:^ 

M)24 

\,..* 

^16 

5539 

57T5 
i5S9( 
i9W 

6107 
«3t2 
6314 
Mi5 
M13 


0374 

07W 
U06 
1430 
1733 

2014 
2279 
2&29 
276& 

mo 

370\ 
3596 

3rM 

3962 

4133 
4298 
4456 
44)09 


1700 

Ijm 

542& 

5670 
57» 
5899 
ttOlO 

6117 


7930 
7118 
7202 
72»4 
7364 


6&90 

6eg4 

tt76 
W» 

7043 

7T3 
7210 
77g 
7772 


6699  9606 

6698  iWi 

6786  6694 

ffi73  68l»4 

6%4  66^77 

7143 
TSO 
7309 
7366 


63S5 
6423 
66S 

6619 

mi9 


fiis 

7219 
7300 
7380 


6893 
6891 

7Ue7 

fm 
7733 

7316 


66 
66 
57 
59 

59 

60 
61 
62 
63 
64 


0  1          t          »         4        3  ^ 

T^SJ  7417  T4I9  7477  7435  7443  7451  7459  7466  7474 

7«gO  7497  7505  7513  7520  7528  7S38  7643  7551 

ftS  73S  7574  75W  7589  7597  7604  7617  1619  TW? 

76W  7?S  7649  7^  7664  7677  7679  7^ 

7709  7716  7723  7731  7738  774^  7732  HW  7767  7774 

7783  n89  7796  7H03  7810  7818  7925  TKB  WW  7646 

7^  7W0  r»68  7875  7882  7889  789f.  2®  SiS  Z|iZ 

7»l  7931  7938  7945  7952  T959  7966  7973  7M0 

7«H  ioQO  So7  9014  802^  8038  903S  8041  8^^ 

8062  8069  l0T5  80^2  808^  8103  8109  8t;6  8173 


i  65  ^\20 

67  I  %261 

69  ;  <^ 

70  845t 

71  I  8513 

n  '  W2 

T3  '  "iS^ 
i  74 


5 

i  78 

:% 

79 

so 

it 

i*2 
83 
84 


8751 
S808 

S865 

m\ 

S976 


g:36  8112 

WZ^  8209 

8267  82T4 
8338 

S395  8401 

8457  84»vl 

&5I9  8625 

asrs  8^>H5 

S639  -^i'* 

<^9a  -704 

S7j«»  ^7*i2 

tfll  8830 

V^n  8*iT^. 

6927  8932 

8983  %'*H7 


8!  49  8l5fi  8162  8169  8IT6  8!W  8189 

%-l5  8222  8228  8335  824?  W4II  8234 

6280  8387  9293  8299  8309  8312  8319 

K344  8351  8357  8363  63^1  8376  83ti8 

8414  8420  8426  6132  6439  844^ 

M7C  8478  841^2  6l*i  8194  8500  8508 

&i3l  9537  6543  6&49  *55»  6561  ^ 

8391  8597  8603  8609  9B|6  9631  8877 

S^^l  t^l  8663  -^'  ^  887^  8681  8888 

?i7:0  8:1*^-^:22  S77r  8733  IT39  ^T4^ 


9031    9036  9012 

9065    9090  9096 

9138    9143  9tO 

tl9l    9196  noi 

9H3  "^48  92:4 


id     9794  9299  930f 

98     9345  9*50  9355 

87     9396  9400  9405 

«|     9445  9450  91 

9494  9499  V?*»4 


90 

91 


h:68 

8825 

§993 

9047 
9101 
9t54 
9206 
9368 

9309 
9380 
94  to 
9460 
9509 


87T4  *f7T9 

8831  8837 

8887  «^93 

8943  «>949 

8998  9001 

9063  9058 

9108  9n3 

9159  9165 

9317  9317 

9363  9269 

9313  9»f 

9365  9370 

9415  9430 

9465  94l» 

9613  9518 


87%5 
m<2 
8899 
8954 
9009 

9063 
9I1T 
9170 
9333 
9974 


mi 

«^ 
9123 
9t» 


t797  8802 

•910  99!^ 

896A  89TI 

9030  903^ 


9071  9079  ' 
9l2i    9133  , 


filO  9ian 


9379 


9330  93U  9349 

«3»   93flB  9aU  9J» 

9430  MS  •«« 

9474    94T9  94M  f<fi9 

9»3    ftS»  9S»  tS3ll 


90 


tjM7   99!l>  W  IKS  M  |g| 

SSS  98SS  9609  9SI4  9BI9  m  ^ 

flMT  «i8  9fisi  1891  mm  S'i  f£g 

mi   9094  96»  9TQ3  STOi  f[lS  ftVt  978 

m   9741  fj49  97M  9»«  «8t  —  ~ 

mS    ^99  979t  979S  §900 

-  - 


9913 


9^79 
9917 

It 


9977    9991  ^ 
99BI    9930   9930  90< 
99N   9974  9971 


Uf  t  TthB  dseiaaX  point  in  tlui  antllog  will  b*  on«  WWE  th^  ^« 
ttuMrieal  valu*  of  the  charact«rUtic. 

Log    3.5490  Ancilog  3540 

U>i    1.7168  Antllog  52.1 

When  Che  cherecterletic  lo  negative,  the  antllog  wlU  have  one  LESS 
^.ra  bat«een  the  decimal  point  and  the  first  algnlflcant  figure  than  the 
nuBorlcal  value  of  the  characterletlc. 

Lot    2.8609  ntUog  0.0726 

Ml    %7^B  ^Antllog  0.000548 

MULTIPLICATION  USING  LOGARITHMS.    When  '«»itlplylng  oj^er8  which 
oflnt.ln  eeveral  digits.  It  U  often  easier  to  use  logarithms.    Hot  o^M^ 
iTtTs  wtSod  eaa?et.  but  the  chance  of  making  a  simple  mistake  In 
iJitteet"  IS  lowered!    Ihe  process  Is  easier  because  ^natead  of  multl- 
plying  large  numbers  together,  the  logarithms  of  these  numbers  are 
simply  added. 

After  the  logarithms  are  added,  the  antllog  of  the  sum  Is  found. 
This  will  then  be  the  product  of  the  original  ,m»ltiplication  P"bl^. 
occasionally.  It  may  become  necessary  to  round  off  the  numbers  before 
the  logarithms  are  determined.    For  example: 

Mu4tlply  6952  x  437  (Round  6952  to  6950.) 

Log  6952  -  3.8420  (Changing  6952  to  a  log.) 

Log  437       2.6405  (Changing  437  to  a  log.) 

674825  (Addition  of  Ings.) 

Antllog  6.4825  -  3.040,000       (The  product  of  the  original 

problem) 

Artunl  multiplication  ol  6952  by  43/  would  give  the  product  of 
3  037  8«     5^1s  erro?  is  due  to  rounding  and  to  the  fact  that  the  log 
1:111  uu^  U  only  accurate  to  three  significant  figures,    ffore  accuracy 
cJui;  Se1b»lned'by  using  an  expanded  log  table.    However,  for  most  of 
the  photographic  uaes,  this  table  will  be  sufficient. 

DIVISION  USING  LOGARITTOC.    Since  division  is  <^he  inverse  of  J^lti- 
ollcatlon.  it  holds  true  that  the  inverse  operation  will  be  us«l  when 
diJidJnriith  loSB.    So  iwtead  of  adding  the  logarlthiss,  the  lo^lttoe 
lui^i^wbtractSd.    First,  the  logarithms  of  the  numbers  "  be  divld^ 
are  foSnT!   Second,  the  logarithms  are  subtracted  and  the  antllog  of  the 
dlCfareaee  la  found.  •  For  example: 
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Divide    249  ♦  0.W28  (Round  O.W2a  to  0.9W.) 

Log       294  -  2,3926  (Changing  249  to  a  log.) 

Log  0.9628  -  1.9836  (Changing  0.9628  to  a  log.) 

2.4090  (Subtraction  of  loga.) 

Antilog  2.4090  -  256  (The  quotient  of  the  original 

problem. ) 

Once  again  this  i»  an  approxinate  answer.    However.  It  io  accurate 

enough  for  Bwst  photographic  applications. 

The  Metric  System 

Throughout  your  career  aa  a  Conttnuou.        ^P'-f '"^JJf^^^^J^i'' ' 
you  will  be  concerned  with  using  oatheMtlcal    oraulaa.    Of  tan 
tZsB  formulas  are  used  with  different  physical  ^"J"^ 
formulas,  replenishment  ri.te..  devalop»cnt  time,  and  quality  control 
anIJJses  are  few  examples.    In  dealing  wl.h  the.e  situation.,  you  will 
sometimes  need  to  use  a  system  of  weights  and  Maaures. 

In  the  United  States  there  are  two  systems,  the  US  Custowry  and 
the  metric  systems.    The  US  Customary  Is  probably  the  most 
Jowe^rtSe  metric  system  Is  used  to  a  great  extent  in  the  photo.clmi..-. 

The  metric  system  was  invented  for  its  slBpllcity  and  haa  been 
adoptS  in  mo  t  countries.    The  simplicity  of  the  metric  -y^j.  result. 
?rom  facts;  it  is  a  decimal  and  therefore  fits  our  decimal  notation. 
Ilso.  Its  inits  for  lengths,  area,  volume  and  weight  f «  ^If^/P^f 

r.        unit    the  meter.     In  the  US  Custotanry  syatan  of  weights  and 
::a,:ra»     iere%«  about  150  di{£e«nt  ten.,  and  50  dltUre^  «».b.r.. 
Tc^  of  tha  more  coraon  measure,  are  co^nltted  to  "^'l':;;'^™  " 
a  mile    36  Inches  to  a  yard  and  16  ounces  to  the  pound-however,  there 
are  ioo  many  to  learn  tlem  all.    Al"o.  seldom  do  the.e  unit.  h.v.  any  . 
relation  to  each  other. 

UNITS,     m  the  metric  system  there  are  only  "  *f  ^^^^^ 

these  are  related  to  each  other  through  the  meter.  These 
«eter  ?or  linear  measure,  the  liter  for  volumetric  — and  the  gram 
for  weight.    To  denote  the  different  amounts  of  rhesa  units,  a  prefix  is 
attached  to  each  one.    These  prefixes  «re: 

Mega— which  denotes  1,000,000 

2.  Kilo— which  denotes  l.OOO 

3.  Hecto— which  denotes  100 


4.    Deka— %*hich  denotes  10 
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5.  Beci--i*ltteH  denoted  0.1  ,      ^         ,  < 

6.  Ccnel— whtch^nate<  0.01 

7.  Mini— which  denotes  O.OOl 

8.  Micro— which  denotes  0.000001 

9.  Nano-.-which  denotes  O.OOOOOOOl 

Ability  to  handle  th*.  metric  syetea  depends  on  a  ready 
InR  of  the  Lrms  used.    For  InHtance.  the  word  kilometer  should  mean,  at 
on?e    1000  .eters  and  the  word  .llUllter  should    at  once  mea^  one- 
thousandth  of  a  liter.    Alter  the  te,Tiui  a.e  learned,  ^^"^f  ^^"f 

«4r  to  another  Is  sliapU.    This  la  the  ftieateat  advantage  to  this 
M     ?Sie  elmpUcitv  le  due  to  the  decimal  ralatlohehlp  among  the 
te  i  i  Lrger  unit,  divide  by  10,  100.  1000.  etc  by 

::i'lng  tSe  point  the  correct  number  of  •  "^^J^'^f^^;  Jto 

XngS  3768  centimeters  to  metere.  move  the  ^^^^"^^^iJ^/^i^^^^e'' 
rh«  left  Which  gives  37.68  meters.    To  reduce  to  a  »»*ller  "t;^ 
tl;:  iec  J^  to  ?he  right  the  correct  number  of  space..    Thus.  0.5  liter 
will  equal  ^00  mlUllltiTB. 

Slnce'both  tl.e  metric  .yatem  and  the  US  Customary  system  are  In  use 
m  th!aT.untry.\t  may  he  nLssary  at  ^^-  .o  convert  one^^e  e- 

♦.K^^      Tn  nrdpr  tf>  do  SO.  a  conversion  factor  xb  u»eo. 
rJX.:T::r:orX7'Z:o^\^.  ^U.  «e  given  m  figure 

3-2. 
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Temperature  Converslona 

r.  f  .miiiMr  with  the  thermometer,  the  Instrument  used 
Moat  people  are  t  ami  liar  wicn  me  incn*^  t  Tumna^TTY  of 

.     ^      T»mr.flrflt-itri.  ia  a  measure  of  the  INTENalir  oi 
to  raeasurt?  teniperrt!  ure .     Temperatun  is 

h*«t    not  the  quantity  of  heat  In  a  substance.    There  are  tnree  qxi 
^heat,  not  cne  qu«ni*  y  rhree  nre  used  In  the  photographic 

ferent  t«nperature  wcalfs  and  all  Celsius 
aclences  nt  dlffer«nt  iU»eu.    These  scalrs  are  the  Fahrenncit.  i-ex 

and  Kelvin  scales. 

If  we  compare  the  two  scales,  we  note  that  thare  l^^^^]  l^^J^l 
the  freeflng  pMnt  and  the  boiling  point  of  water  of»  the  Celalu.  scale, 
^mis  ""esponds  to  180«  on  the  Fahrenheit  scale  (freezing  Pojn^  32  . 
Jini^^5r212-).    H^erefore.  the  Celnlus  degree  equals  9/5  of  a 
Fahrenheit  degree. 
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CUSTOMARY  TO  METRIC 
TO 


KHItTlFtYSY 


INCHES 

CENTIMETERS 

FEET 

METERS 

0.3048 

VABOS 

METERS 

0J144 

MILES  (STATUTE) 

KILOMETERS 

1.e093 

OUNCES  (FLUID) 

LITERS 

0.02968 

QUARTS  (FLUID) 

LITERS 

0.9463 

GALLONS 

LITERS 

GRAINS 

GRAMS 

00848 

OUNCES  (DRY) 

GRAMS 

2S.341» 

POUNDS 

KILOGRAMS 

0.4636 

M  ETR IC  TO  CUSTOM AR  V 
TO  CONVERT  FROM  TO  MULTIPLY  BY 


CENTIMETERS 

METFRS 

KILOMETERS 

MILLILITERS 
LITERS 

GRAMS 

KILOGRAMS 


INCHfcS 
INCHES 
MILES 

OUNCES-tf-m'P) 
OUARTS  IFLUfD) 

GRAINS 
POUNDS 


0.393/ 

39.37 

0.821 

0338 

1  0667 

16.432 

2  2048 


Figure  J-2,    Converaion  Trtbl#B 
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To  changtt  from  Fahreoiuiic  to  Celsius  um  this  •quatioa; 

•C  •  Stn        -  M) 
To  chango  ftam  Colslua  to  Fshronhalc  us*  this  eqiMtion: 

•F  -  C9/5)  CO  +32 

The  Kelvin  tcaU  is  used  in  photography  to  tnsAtfure  the  color  tea- 
peraturs  of  light.    Therefore,  conversion  to  or  froa  the  Kelvin  scale  is 
■eldooi  nacsssary. 

QUESTIONS 

00  »0T  WRITE  IN  THIS  SW,  USE  A  SEPARATE  SHEET  OF  PAPER. 

1.  How  is  the  decisal  point  located  in  the  product  of  a  siapla 
nultlplication  problem? 

2.  What  la  the  rule  for  subtracting  number a  of  unlike  signs? 

3.  What  are  the  tw>  parts  of  a  logarithm? 

4.  WhaL  part  of  a  logarithm  la  always  positive? 

5.  Explain  the  procedure  for  locating  the  dAclaal  point  nben 
going  from  a  logarithiB  to  the  antllog. 

6.  Explain  how  to  use  logarithms  in  multiplication. 

7.  What  is  the  basic  unit  of  measure  in  the  metric  system? 

8.  How  does  one  convert  from  meters  to  kiloauiters? 

9.  What  is  tempefdCure? 

10.    How  ifi  the  Kelvin  used  in  photography? 

Rxeiclsd  1 

PROCEDURES 

HoXva  the  prohlemH  uaing  a  separati!  Bhe«t  of  paper* 
1.    Perform  the  following  additions. 

a.    467  b.    -1640  c.    320        d.  -12 

894  292  '92  -783 
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2.  Per  for*  the  followias  ■ubtrecclons. 

ft.  991     b.  62      c.  -5ie 

*         minus  428  aimw  "X2X  oinif  29 

d.  -U,243 
minus  -696 

3.  Perform  the  following  nultiplicationst 

a.    6.5  X  19,8  '  173.1  x  -0.048 

c.    -6.85  X  -10.1  -231*  0.0086 

4.  Perform  the  following  diviffionf*. 

a.  -4.292  ♦  0.418  b.     7.552  ♦  -0.128 

b.  0.9245  ♦  0.43  d.    -22.8  ♦  9.6 

5.  Determine  logarithms  of  the  following  nunbcrs  using  log  tables 


a.  7 

b. 

9 

16 

d. 

3785 

e.  56 

f . 

12 

92 

h. 

1725 

1.  1/2 

J. 

25% 

k. 

.201 

1. 

.0033X 

m.  1.5SH 

n. 

1 

Del  ermine  antilogs 

of  the 

following  nuiBbsra. 

a.  2.8470 

b. 

0.7235 

<• . 

r,.0043 

d. 

2.8494 

c.  1.4900 

f . 

0.0009 

R. 

1.444 

h. 

1.9996 

i.  2.8808 

.1- 

1.0000 

k. 

2:k543 

1. 

1.2201 

TO.  1.5666 

n . 

2 . 5098 

7.    Solve  the  Toflowlng  multiplication  problems  using  logarlthns. 

a.  Tlie  first  thing  to  «Jo  in  solving  these  problens  is  to 
chsnge  each  quantity  to  logarithmic  form.     In  some  cases,  rounding  off 
muse  be  used  to  obtain  the  correct  logarlthn. 

b.  The  raultipfication  proceUures  when  iing  logsrithros  are 
to  add  the  logarithms  of  the  individual  quantitleu- 
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c.     Thla  sura  o£  the  two  logarlthos  la  uMd  tp  find  the  aftiwer 

of  the  proble«  by  datemlatag  It.  f  «*i<>8;             ^i^e'^^S^SL  tl«it 

cannot  be  foairf  in.  the  t«hl«e,  fiad                              •  ««bsx«m  a»s 

li^listed,  which  has  a  nua»f leal  value  cXoeeet  to  the  one  you  ere 
loolilng  £or. 


(1) 

496 

(2) 

2111 

768 

533 

(5) 

7b63 

(6) 

9268 

6iSS 

8420 

(9) 

no) 

0.004 

6450 

0.4657 

(U) 

9001 

(14) 

7i58 

7564 

2959 

(3)  0.0764 
 99 

(7)  396 
65 

(U)  756 
756 


(4) 


3.001 


(8)  2008 
0.94 

(12)  8355 
94 


8.    Solve  the  following  division  problems  ualng  logarithms. 

a.  After  changing  all  quant ttlea  In  each  problem  to  loga- 
rithmic form,  the  logarithm  of  the  diviaor  oust  be  subtracted  from  the 
logarithm  of  the  dividend. 

b.  Again,  in  thesf  problemH,  HOme  quantltee  must  be  rounded 
off  before  the  logarithm  can  be  obtalnt'd. 

c.  After  subtraction,  the  antllog  of  the  difference  Is  the 
final  answer. 

(4)  8674000 
6453 


(1) 

J847 
46 

(2) 

756 
0.01 

(3) 

0.7563 
876 

(^) 

0.001 

o'.ooi 

6579 
85 

(7) 

8675 
648 

(9) 

56.47 
8".  46 

(10) 

0.005735 
0.5683 

(11) 

56.04 
5.006 

(13) 

6730000 
756 

(14) 

0.0000(K)0057«>8 
0.00000675 

(8)  75620 
80 

(12)  5.009 
1.001 
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9.    Convert  tcaperaeurti  ftoa  ofi«  »c«lti  to  th«  othtr  by  ceapuCing 
the  equivalent  tesnpereturee  In  the  fellowliig  probli 


Celsius 


a. 

b. 

25 

c. 

d. 

e. 

f . 

4 

50 

h. 

-20 

fahrenhclt 

-AO 


86 
50 
0 


10.    Convert  the  measureoents  froa  one  systea  to  the  other  by  cob- 
putlng  the  equivalent  measure  In  the  following  probleoe. 


Metric 


a. 


kilometer 8 


b.  250  milliliters 

c.  178  kilograms 

d.  liters 


e. 
f . 


mcterB 
kilograras 


CuatcRury 
3.5  olles 

 ounces 

^  pounds 
15  gsiloris 
16.5  ysrds 
12  pounds. 
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CHEMICAL  MIXING  AND  CERTIPtCATIOH 


OBJECTIVES  , 

Given  the  necessary  bulk  cheajciils,  selected  forroilaa,  cheaicaX  «lx 
faclUtlea,  oeasurlng  and  mixing  equipment,  prepare  black  and  white  pro- 
ceasing  solutions.    Solutions  must  meet  locally  preacribed  standards  of 

quality. 

Civen  pH  meter,  hydromfier  sat  and  photographic  solutions,  deter- 
ralne  pH  and  specific  gravity  of  the  photographic  solutions.  Value  for 
pH  must  be  within  +0.015  of  the  claHS  standard. 

INmODUCTION 

The  aaylug  goe.-^  iliat  a  »  h«tn  iu  only  as  strong  as  its  weakest  link. 
Producing  aerial  pKoto-intel llgenof  csn  he  compared  to  a  chain.  Each 
utep  In  the  proctfss  Is  a  link— from  preplanning  the  flight,  to  flying 
Che  mission,  to  processing  «nU  on  to  Interpretation  and  usage.  Each 
phase  is  important  and  It  a  laeak  .occurs  In  atiy  of  these    links,  tnen 
(he  entlri'  mission  might   result   In  failure. 

F,»ch  iM  Tflon  assorlaied  with  any  part  of  the  olaaion  must  insure 
that  the  links  do  nut  brcMk.    (Mw  .  i  the  link.  In  processing  Is  mixing 
of  chemlcala  and  their  certification.    Should  a  miatake  be  made  In  this 
svep,  the  valuable  mission  film  could  be  degraded  severely  or  even 
totally  lost.    So  the  importance  of  this  study  section  is  very  high. 

The  chemicdlH  and  i..fmul«H  that  are  used  In  today's  Air  Force  have 
been  the  result  of  yea»;*  of  . eacarch  and  usage.    They  have  been  designed 
to  give- the  beat  n  nulia  with  the  highest  quality  possible.    Used  in 
conjunction  with  the  highly  Bophis  ties  ted  camera  syatew,  and  high 
quality  films,  these  formulas  will  give  the  utmost  In  phpto-lntelllgence 
Inf  oroiar  Ion. 

However,  there  is  .1  catch!    These  formulas  must  b«  mixed  properly, 
kept  within  atandurda  and  uatd  conectly.     In  order  to  avoid  costly  and 
t^mbarrasalng  errorn,  a  hrlef  Hcudy  In  chemical  mixing  and  the  certifica- 
tion of  photographic  solutiona  Is  iri  order.    The  batter  this  area  is 
known,  the  less  likely  a  "break"  will  occur  In  the  "chain. 
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IHFORMATtOM 

CHEMISTRY  FOR  BLACK-AHD-VmiTE  PROCKSXIKJ  SOLUTIOHS  ' 
ChcaicAl  Grades 

fectly  pure,  the  results  they  give  "J^""  ,».iUbl«  In  Mny 

pure  end  less  expcnelve  ch«.lcal.    ehe.lc.l6^re  • 
concenttatlone  and  many  grade,  of  purity.    Sow  oi  tn 
are  as  follows: 

TECHNICAL.    The  least  pure  of  the  '"e-lcal  g»d... 

cais  are  u»ed  p'j7^^i^,';rd"ifirnrs "h.r  ;i-u.r 

cleaning  compounds,  sol  J.  conaition*^* 


uses. 


PHOTO  CgADE.    These  ch"lc«l.  «.  .-.-U-.* 

c^itiru^orfe/tr  nf  r^^^^^^^  « - 

effect  on  the  photographic  materials. 

V^iTED  STATES  PHARMACOPOEIA         >  '  ~iS:i\^*u.r 
standards  set  by  the  United  States  Pharmacopoeia.    They  ere 
preparation  of  medicines. 

Sir^V^i^^rTst^r'ai:  ir.. 


chenlcal  analysis.  , 
manufacturer  to  show  known  Impurities. 


WHUe  USP  and  AK  ..ade  -e-U-s  c.n  he  u.ed  i«  PH-o?-^^^^^^^^^ 
tions.  they  usually  ar.  not  theU  iSpurltles  ».ke  their 

grade  chemicals  are  the  least  «*P«"«^^\'  "he  quality  desired  £oA 

faults  undepend,ble      There  ore    -nslder  ng    hej^^^^  y^^^^  ^ 
the  cost  Involved,  the  ..ne  of  the  pnoto 


best  choice. 
Mixing  Chemicals 


Alter  the  develops  ''•".''"S,^^:!'",;;^:,^^^^  Ull, 

.1,  the  developer  tro,  bu  k  f^^^^*'  ."^i^J^^^^'ue..  instruction, 
given  -Ith  the  photographic  ^^^'^  („  „.,ure»«.t.. 

and  follow  then  carefully.  The  metric  system  la 
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an  ft4v»r§e  reaction  could  occur.    ITil*  reaction  might  lover  the  solu- 
tion* a  developing  capabilities.    It  is  also  iiBport«oe  J5« 
be  alfted  Into  the  water  slowly;  otherwise,  th«y  my  c«k«  M  fifcen  wiey 
would  be  difficult  to  disaolve.    Unleee  aome  other  temperature  fe  recoa- 
mended.  water  ahould  be  100  -  120*F.  (38  -  SO'C). 

The  aolutlon  should  be  stirred  gently  bo  that  introduction  of  air 
into  the  aolutlon  la  avoided.    Vlolont  stirring  should  be  avoided. 
Alao.  when  i-sing  a  magnetic  or  other  type  of  automatic  olxer,  a  splnnlug 
vortex  in  the  solution  must  not  be  allowed.    These  practices  will  cause 
the  aolutlon  to  oxidize  more  rapidly. 


oiUety  In  Mix  inn 

WARNING 

m. 

(.MiHtlc  .ilkdllL's  nx\(i  KitrotiK  Hclds  Reueruce  conaiderable 
heat  and  Can  rt-rt.-i  violently  whi-n  added  to  water.    When  nixing 
very  HtjonR  a.  IiIh  nv  alkalies,  always  use  the  exhaust  hood 
..nJ  approprlHtr  ft*»lecy  ilothlrtK-    Wear  a  plastic  or  rubber 
apron,  rubber  gloven  and  a  tare  muak  or  goggles.     If  the 
cheBlial  Kive.s  off  toxlr  fumes,  use  a  k«h  ntask  as  well. 
Remetnher  the  rule:     ALWAYS  ADD  ACID.     It  holds  true  with 
a Ikii lies- -ALWAYS  ADD  AIJCALIES.     Never  add  water  to  an  acid 
oi  aiKail;  add  the  ad  id  or  alkali  I  <  the  water. 

H.   aware  of  Che  ha7ttrd9  of  thi-  other  chemicals,  too.    Many  photo- 
graphic chemlcHla  are  loxlc  if  awal lowed.    Many  can  cause  skin  burns  or 
dantage  to  the  eycH.    Know  wh^^e  the  safety  shower  and  eye  wash  is 
located.    Avoid  coniact  with  the  chemicals.     If  accidents  do  occur,  take 
luaiiedittte  steps,    net  medical  help,  if  necessary. 


storage 

Once  the  solut Iorh  are  ready,  they  must  be  stored  in  proper  con- 
tainers.   In  the  chemistry  laboratory,  chemicals  are  usually  stored  in 
glaab  coniainers.     !f  the  Holutlons  are  affected  by  light,  they  should 
h«  siurc^J-in  aaber  hotUes  away  trop  the  light.    In  general  photographic 
laboratories,  however,  nolutlone  are  also  stored  in  stainless  steel  or 
polyethylene  containers.    Polyethylene  is  the  most  common  material 
because  of  Us  lower  coHt  and  inertness  lo  most  photbgraphl|| chemicals. 

The  moat  lmp«.rtant  thing  to  remember  about  storing  photographic 
solutions  is  to  exclude  air.    Air  . auaco  the  solution  to  oxidise  rapidly. 
Therefore,  solutions  should  be  kept  in  lull,  tightly  stoppered  bottles. 
If  partially  used  bottles  are  to  be  kept  for. any  length  of  tine,  their 
contents  should  be  transferred  to  smaller  bottlee  so  that  excess  air  may 
be  excluded.    In  larger  containers  Used  for  mixing  and  storing  large 
amounts  of  processing  solutions,  a  floating  lid  is  often  provided.  This 
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lid  fltt  snugly  into  the  tank  and  floati  on  top  of  the  solution,  thortby 
keeping  air  froa  the  solutions. 

Cla9a%fare  (Types) 

Besides  storing  chaDlcals,  glass  containers  ara  also  us«d  for 
nixing  and  transporting  cheaicals.    Glaas  is  durable  and  is  inert  to 
photographic  chaiicals.    However,  be  careful  ^eo  using  Bl«;mrs  aa  it 
18  brittle  and  easily  broken.    Excess  breakage  is  costly  and  broken 
glass  is  dangerous.    BaHlcally.  there  are  tvo  klnde  of  glassware  used  !n 
the  laboratory.    These  are  volunetrlc  and  nixing. 

VOLUMETRIC  GLASSWARE.    The  manufacturer  of  volunetric  glassware 
calibrates  the  glasawarc  to  measure  a  specified  volwae.    Thlaca libra- 
t!on  Is  certified  to  confom  to  tolerances  set  by  the  National  Bureau  of 
Standards.    This  glassware  gives  very  accurate  neasureoents  ot  voluae 

when  used  properly. 

Volumetric  glassware  Is  calibrated  at  68-F.  (20*C).    Extraas  dsvla- 
tlona  fron  this  tetnperatura  will  affect  the  capsclty  of  the 
and  the  volume  of  the  solution  being  fneasured.    To  attain  very  high 
™cy.  the  solution  must  be  at  ^O-^l^'C.    At  no  time  should  vol«-w- 
trie  glassware  be  heated  or  rinsed  wlfh  hot  water.    Heating  can  cause  a 
peJLSent  change  in  the  glassware  .nd  will  r.sult  In  In.ccurat.  B».Surenent. . 

GLASSWARE  FOR  MIXING.    Glassware  for  mixing  is  not  calibrated  for 
a  specific  measurenenr.    It  is  designed  co  withstand  tenperatur a  changes 
and  for  heating  solutions.    The  volumetric  changes  caused  by 
these  pieces  is  not  Important  since  they  ara  not  used  for  neaaurlng  any 


way 


In  the  laboratory  there  la  a  variety  of  glassware,     ^ach  piece  Is 
designed  for  a  specific  purpose.    Although  one  place         ^«  ""^'f/^^^"* 
for  another  at  times.  It  Is  b.^st  to  use  each  place  for  the    ob  It  was 
designed.     The  gl-.^Mwarc.  that  will  be  used  in  thl.  unit  Is  listed  below. 
(See  fig.  6-1 >. 

Beaker--A  beaker  is  «n  ungraduated  ntUlty  cup  with  a  wide  oooth. 
It  is  used  tor  tnumg  .nlutlcns  and  for  t.    dlog  the  solution  during  the 
pH  reading  nl  the  Holucion. 

Funnel-A  funnel  TS^^used  lo  pour  liquids  in  containers  vlth  sPJall 
openings.    There  ,ire  many  dlfferetit  types. 

Hydroneter-..  hydrometer  U  a  highlv  calibrated  Inatrunent  used  to 
determine  specific  gravity.     H  ha«  a  graduated  stem  and  is  weighted 
with  lead  at  the  bottom. 

Graduated  Cy Hndcr-ThiS  is  a  cylinder  graduated  for  accurate 
volumetric  mcasurenients .  . 
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aiAKER. 

I  ym  FORM 


BEAKER.  PVRCXt 
TAUt  FORM  ' 


CRADUAteO 


^ITH  FWlTTfcD  DISC 


irDROM€TER 


HUCHNff?  TYPf 
WITH  f'LRI^OP^Attu 
PI  *  1  f 


Figure  4-1.    Uboratory  Classwmre 


(leoning  r.laBftware 

„11  .e«ldi.L-.    Co.u«ml-.«tloa  tron  previous  work 

u      ,  „    1,  uiu  ,iife.t  the  reHultn    f  the  new  solution  being  rnlxen. 
Th^rlrP-  orML;;il:  -lutlon,  .re  reco.«nde<.  to  keep  gl.»,-are 

clean. 

...iTrtrrNT      Ihl^  l--^  ^  v^ry  efiectlv..   Inexpensive  tflaterlal  for  ooet 
....nlnrprobL.!    How.var.  ic  .u.t  be  .  nontoxic         noncor.o.lve  ^. 

type.      '  y 

^mFUklt  -IilDIKOMATK.     ThlB  is  h  mixture  of  ,4rtjiluiD  or  potaBSiua 

tlve  against  greaHe.  but  it  U  dangerouM  because  of  its  strong  acia, 
oxidizing  and  dehydrating  properties.  M 

.      ACID-ALCOHOL.     This  cleaner  U  ,madu  by  Y^^;;;"^  °^^![- 

hydrochloric  acid  with  one. volume  Isopropyl'or  «ethyl  alcohol.  ThlB 
cleanaer  Is  very  effective  In  reaovlng  dye  stains. 

NOTE:     DeterKent  will  be  used  exclusively  In  this  course! 
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Whan  preparing  gluasware  for  U8e»  rinst  it  o  toul  of  four  cImo 
after  cUanlng.    Rlnee  twice  vieh  tap  vator  and  Cvlea  vlth  diatillcd 
mter  or  daioniced  water «    If «  after  rifisliig»  dropa  i^hare  to  tlta  walla 
of  tha  tl^^sirare^  It  Is  not  au£flciently  clean.    There  ahould  he  a  solid 
film  of  water  retaining  for  at  laaet  one  oinute. 

^  When  preparing  glassware  for  storag^t  DO  NOT  rinse  with  distilled 
water.    This  is  to  conaerve  the  distilled  water*    After  cleaning,  glass- 
ware should  be  stor^l  In  such  a  position  thst  it  will  drain. 

Classware  Measurements 

Solution  quantities  are  determined  fron  the  ffleniscus  of  ths  solu-^ 
tlon.    The  meniscus  is  the  curved  upper  portion  of  a  coluam  of  liquid. 
As  a  result  of  capillary  action,  the  meniscus  Is  concave  when  the  liquid 
wets  the  walls  of  a  container.     (See  fig,  4-2AJ     If  the  liquid  does  not 
wet  the  gla<is,  the  meniscus  is  Inverted.     (See  fig*  2B.) 


Ml  NtSCUS 


B 


Figure^  4-2.     McntBcus  -  Normnl  anJ  Inverted 

Measurements  of  clear  liquids  in  mogt  rontalners  are  taken  from  the 
i  >veBt  point  cn  the  menlBcuR.     Except lonn  to  this  a^e  the  roeaeurcmsnt  of 
opaque  llqv  Uis,   t  hr  met^Hureiaenc  of  fipec  IfSr  Krsvlty  and  when  the  menlecuR 
1»  Inverted.     In  thcne  c  anes  the  measnrempnt   ig  taken  froia  the  top  of 
♦^he  meniacuH, 

Besos  Balances 

After  the  glassware  Is  arranged  for  use  and  liquids  have  bsen 
measured  into  them,  the  dry  chemlcaJi  imist  be  weighed  carefully  before 

they  are  added  to  the  liquid.    The  Instrument  used  for  weighing  these 
chemicals  is  the  beam  h^ilance,    Photoijraphlc  fonmilas  are  quite  exact. 
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therefore,  accuracy  is  very  Imparcunc^    Do  not  cake  short  cuts  when 
weighing  these  chemicals t 

The  following  procedures  are  specifically  for  the  OliAUS  triple  beam 
balance  but  they  also  apply  In  general  to  all  beam  balances*    There  are 
two  oodels  of  the  OHAUS  In  coiomon  use.    They  are  the  Model  311  (with  a 
maxiimw  capacity  of  311  grass)  and  the  Model  2610  <with  a  maxlBWiD 
capacity  of  2610  gram&). 

ZEROING  THE  BALANCE 

1.  Slide  all  poibes  to  zero. 

2.  Make  sure  the  balance  is  level. 

1.  Place  a  ahaet  of  |uotec  ,i*^e  paper  on  the  weighing  pan. 

4.    Rotate  the  knurled  compensator  knob  until  the  pointer  lines  up 
wUh  zero, 

wKrr.nTNt:  unknown  specimens 

L.    with  the  balance  beam  arrested  in  locked  position,  place  the 

specimen  on  the  weighing  pan. 

2.  Unlock  the  arrt^at  and  alli>w  th<'  beam  to  swing* 

J.    Move  the  heavient  poise  to  the  right  to  the  firet  notch  which 
Cituaea  the  pointer  to  drop«  then  move  It  back  one  notch  causing  the 
pointer  to  rise. 

4.     Repeat  t,his  procedure  with  the  next  lighter  poise. 

Repeat  this  procedure  with  each  succeeding  lighter  poise. 

6.    With  the  lightest  poise,  Blide  It  to  a  position  which  brings 

thif  pointer  to  rem. 

f.     The  weigh  I  of   the  Hpecimc^n  in  the  sum  of  the  values  of  all 
poise  positions;  read  directly  from  the  graduated  beams. 

WKIGHING  PREDETERMINED  AMOUNTS 

1*     Zero  balance  with  weighing  pan  in  place.     Large  amounts  of 
cheiaicai  can  be  weighed  in  a  beaker  if  the  beaker  has  been  *'tared  out*' 
as  follows: 

a.      Remove  weighing  pan  and  replace  with  the  beaker « 
SW  G3ABR233I0  00L-1I«*^ 
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b.  2«ro  the  bean  by  adding  tare  ifaighta  (countamrtflit*)  to 
the  bcsem  to  bring  to  approxiaacely  zero. 

c.  With  the  knurled  balance  compensator  knob,  bring  tha  b««« 
to  final  sero. 

2.  Set  all  poises  to  total  the  amount  daalrad. 

3.  Add  the  bulk  chraalcal  slowly  until  the  t«an  juat  starts  to 

rise,  then  stop. 

4.  From  this  point  on,  add  very  small  amounts  of  the  chemical  and 
check  the  position  of  the  pointer  after  eoch  addition. 

5.  If  too  much  chemical  is  added  and  the  pointer  comes  to  rost 
above  zero,  remove  a  small  amount  of  chaDlcal  and  slowly  add  part  of 
this  back  until  the  pointer  comes  to  zero. 

The  bean  balance  is  a  simple  ln*rument  to  use  but  It  BWft  never  be 
abused.    Handle  it  carefully  and  keep  dust  off  of  It.    When  P'rP«^*«; 
the  beam  balance  for  storage,  remove  the  tension  from  the  weighing  pan 
by  raising  the  resting  shoe  and  setting  the  pan  on  It. 
poises  to  zero  and  remove  the  beams  from  the  fulcrum.    If  the  balance 
has  proper  care.  It  will  always  give  easy  and  accurate  measurements. 

SOLUTION  CERTIFICATION 

Just  because  the  formula  was  followed  correctly  and  mea«ir«tenu 
made  correctly,  it  cannot  be  assumed  that  the  chemical  solutions  wlxl 
perform  correctly.    Precautions  must  be  taken  to  assure  that  the  chemical 
Solutions  do  the  work  they  are  deslgred  to  do.    Tests  must  be  run.  also, 
^o  assure  that  the  solutions  will  process  the  film  sultsbly.    There  are 
three  basic  tests  for  certifying  photographic  solutions-- specific 
aravltv    pH  and  a  sens itorae trie  test.     (Ttie  aenBitometrlc  test  will  be 
discussed  m  a  later  SW.)    All  testa  are  Important  and  must  be  made 
before  the  solutlonn  can  be  certified  for  use. 

SPECIFIC  CRAVITY  •** 
Purpose  of  rhn  Specif  ii   Cr^wtty  Aiialysie 

the  flrnc  check  made  on  all  solutions  la  the  specific  g»-«vlty  test. 
U  Is  a  quick  check  to  determine  If  the  mix  is  complete.  Specific 
eravltv  is  the  ratio  of  the  mass  of  a  given  volume  of  a  substance  to  an 
eq^Il  Volume  of  distilled  water  at  60'F  (15.6"C).    Distil  ed  water  is 
assigned  the  specific  gravity  of  1.00.    The  specific  gravity  of  each 
el^t  is  known,  so  from  these  facts,  the  specific  gravity  of  any 
confclnatlon  of  elements  In  any  ratio  can  be  determined.    The  specific 
aravltles  for  all  processing  solutions  have  been  determined  through 
years  of  use  and  tfestlng  and  remains  constant.    The  solution  being 
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ceated  will  have  ihe  adme  specific  nravlty  provided  It  Una  been  olxed  In 
the  proper  proportions. 

Specific  gravity  wll^  however,  v&ry  from  one  batch  of  solution  to 
another  because  of  various  factors  Involved  (quality  of  chemicals »  In- 
accurate scales  used  In  measuring  chenlcaia,  etc.)*    Because  of  these 
factors,^  upper  and  lower  control  llmltP  must  be  set.    If  specific 
gravity  la  oade  to  detensine  the  cause.    If  the  specific  gravity  goes 
heyond  the  upper  control  limit,  It  might  Indicate  that  more  than  the 
foruaula  amount  of  an  Ingredient  has  been  uaed,  a  foreign  Ingredient  has 
been  used»  or  the  anlution  has  not  been  diluted  properly.    A  specific 
gravity  which  la  below  the  lower  limit  might  indicate  that  an  ingredient 
httM  been  left  out  of  the  solution,  or  thHt  too  much  water  has  been 
added. 

Udt'  of  the  Hydroroeter 

To  aid  In  the  detertalnttilon  of  Bperii  Ic  gravity,  the  hydrometer  Is 
MHcd.  Ihe  hydrometer  la  a  highly  calibrated  Instrument  with  a  stcas  and 
41  ieiiJ  weight  at  ihe  bottom.  When  used »  It  given  a  direct  reading  of  a 
nalucton'a  spucifli:'  gravity. 

B»»  c/irettil  while  ufiing  the  hydrometer  hb  it  breaks  easily.  While 
h^udllng  the  hydrometer  tarefuUy,  p,t?ntly  lower  It  into  the  proper 
graduated  .  ylindi^r.     lU   nure  tliat  the  cylinder  la  wide  enough  so  that 
the  hydrometer  does  not  become  stuck.    Bi-  careful,  too,  when  placing  the 
hydrotnefer  Into  the  solution,  that  It  doi*H  not  drop  quickly  to  the 
bottotn  and  break.     If  the  liydrometer  seems  too  heavy  for  a  particular 
solution,  use  a  lighter  hydrometer.    Thin  simply  means  that  the  wrong 
hydrometer  was  uaed,  since  each  one  is  calibrated  to  measure  only  a 
certain  range  of  specific  gravities* 

Ah  the  correct  hydrometer  is  lowered  into  the  solution,  give  It  a 
gentle  Hpin,    This  will  prevent  the  hydrometer  from  clinging  to  the 
sides  i)f  the  cylinder.     The  hydrometer  should  bob  only  slightly  and  spin 
only  for  a  few  seconds.    After  it  has  come  to  rest,  the  reading  may  be 

made  • 

Reading  Hydrometer 

With  the  cylinder  i»n  a  level  i*uppoii,  the  hydrometer  will  float 
vertical  ly  In  the  llqul*!.    The  reading  i  nn  he  taken  from  the  emerging 
portion  ol  the  stem.    The  liydrometer  is  rallbrated  along  the  stem.    This  ^ 
scale  la  calibrated  to  read  the  ratio  of  the  .submerged  volume  of  the 
hydrometer  in  the  liquid  to  the  submerged  volume  when  it  Is  floating  fn 
water. 

Make  the  reading  Hi  the  top  ol  the  nwniacua  (fig.  on  a  level 

even  with  the  laenlacua.  The  hydrometer  will  give  a  reading  of  1.00  in 
distilled  water.,  For  liquid*  heavier  than  water,  the  hyrdrosteter  has  a 
scale  reading  downward  fron  1.00  to  2.00  or  nore.    For  liquids  lighter 
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SOLUTION 

Figure  Section  of  Hydrometer  Stem 

than  water,  the  hydrotaeter  la  adjusted  to  a  scale  reading  from  1.00  to 
0.7. 

Temperature  Compensation 

The  hydrometer  Is  aUo  calibrated  at  60«F  (15.6'C)  In  Jl»tUUd 
water     A  temperature  change  will  have  a  direct  effect  on  the  •pacific 
gravUy  reading.    In  the  case  of  water.  0.001  must  be  added  to  the  read- 
ing for  every  5'F  (2.5*C)  Increase  in  temperature.    For  every  3  r 
(aTs'C)  decrease  In  temperature.  O.OOl  must  be  subtracted  fro«  the 
reading. 

Since  most  photographic  sc  lutlons  contain  several  aoUde  dissolved 
In  water,  their  denfilty  1h  not  the  name  as  the  density  of  distilled 
water.    Because  thr  photographic  solution  is  denser  than  water,  the  sol- 
ution win  expand  more  for  each  degree  of  temperature  change.  The 
temperature  correction  for  .«ist  photographic  solutions  whose  •PJ^J^^c 
Rravlty  falls  between  I. 100  and  1.200  is  0.001  for  each  10  F  (5  C) 
temperature  change.     Laboratory  research  indicate.  tMs  fact^ere- 
fore,  after  taking  the  reading  It  is  necessary  to  find  the  temperature 
of  the  solution  and  apply  this  correction  factor.  ^ 

SOLUTION  pH* 

Purpose  of  pH  Measurements 

Specific  gravity  is  the  flr.t  and  quickest  test  Bjven  to  a  photo- 
graphic solution.    However,  even  If  the  solution  has  the  right  specif ir 
eravltv.  It  must  not  be  assumed  that  it  will  perform  as  deslrwl.  The 
altollnity  or  acidity  of  a  solution  will  also  affect  Us  •bl"ty  to 
process  pLtographlc  materials.    TTie  amount  of  alkalinity  or  acidity  in 
determined  by  measuring         This  ai«>unt  will  vary  from  •olution  to 
solution.    Figure  <i-4  shows  the  pH  values  of  some  cooaon  substances  fr.im^ 
the  nwst  acidic  to  the  most  alk«lin>. 
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SOLUTION 

nASTRtC  FLUID 

i.e  I 

i/iAif^nAR  (4%  ACETIC  ACID) 

3.1  1 

ORANGE  JUICE 

3.6  1 

MILK 

*'PUR6  ' WATER 

7.0  1 

BORAX  (9  0%) 

9.3  1 

AMMONIA  Civnbi 

11A  1 

^9? 


Figure  A-*-    P"  Values  of  Coinaon  Substance. 

■l-h.  „H  of  a  solution  can  be  deflctlbed  as  «  tll^' 
unit    or'^a.ldlty.    Sucb  a  -""^Icfi::-::"  «:1^rt.ln 

photographic  fornuUa.  for  Predicting  »J»  '"'J'J^f.^;  ^hst  .  soL.tlon 

r^'uir'/luSl"     Te'ut  r-H^"!  "ey  ao  not  idlest.  ho»  -«h. 
i%riei.;  leU  how  addle  or  alUUne  a  solution  Is.  . 

...  pH  value  a  scale  Of  „ro  «  U  wlt^^^ 

point  of  pure  water  at  77  F  (25                   ,  indicate  a  degre.-  ot  alke- 

Lgree  of  acidity  "..»b«.  grMt.    ^^-il„it«"Slng  to  .a.:.r  ratio 

unity.    Uqu  d  »°  ;"J'{Jh°)  tons.    Acidic  «.l.tlon8  v.»e  -ore 

hydroxyl  thalt  hydronlum  Ions. 

Hydronl-  ion  concentration  1.  u.e^  to  expre..  ^^/SidiS^l- Ion 
alkalinity.    This  ^»  •'-"ntrbU  ^h^n  o«  ^  ch  ^U...n.e'h,dr.ryl  Ion 

^nU-U  r.'.dTsrai':  •-?.^^:^"n^^T.  dlrined-r.  th.  negative  0^  the 
iSginth-  of  ch.  hydronlua  ion  concentration. 
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Basically,  a  pH  oater  It  a  davlca  **hich  waauraa  an  •^^"f^*^*^ 
potential.    To  perform  this  function  tha  pM  i»t.r  It 
aubaystos  Including  the  clactrodat  which  genartta  a  olnuta 
SotantlS^    It  altTlncludat  an  amplifier  to  aiipllfy  tha  aliiiita  potan- 
Sut  f^'tha  eJeHrodes  and  a  scale  to  Indicate  th.  pH  Pf  tha  tolutloo. 

Electrodes 

The  eleccrodeB  develop  an  electrical  potential  whan  *««"J^^J«'^  * 
solution.    In  most  cases  two  electrode,  nre  used:    a  glass  "J-^;™^  " 
generate  an  electrical  potential  of  the  test  ^^^^^^^  -J*!*""^* 
electrode  to  generate  «  constant  potential  against  which  the  glass 
electrode  Is  measured.     (Refer  to  fig.  ^-'J-) 


.„WMB   \  I 


•tAt.C9 

CLf  iKiir 
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hi  -  |iul<MUi«it  bilwrt-n  iitlvfVifil 

I'IrnuMii  .Hid  HiAndarU  itfJulum 

\  I     jjiiiinii.il  Iji-lwn  n  nl.indfird 

!  ^  -  potirnii.il  bii  AiM  P  »»uti  r  Hiirffiit 
mI  pH  '     nfiii in  i-  ^tl'*****  bulb  and 
II  «,t  Hf^lution    Uiis  \s  thr  unly 
piilrnli.il  in  rh'Ctrndi  »y  stern 
th«»t  V.I  r  M'  **  Ml  lit  tor  cl. HU  P  with 

<  i-n!  r.ii  .        test  vjilu 

finn 

]    .      jMii  nii  ^l  i»{  lifund  tunc  tiun  bo 

fwr<  M  «  U-.c  Irtilylr  ,ind  tr«it  ^ohi 

1  M  MIS 

\.%^  '  p(arnlial  dt  vt  lup«  d  .it  mirrriHl 
rlrrnrnt  in  r  I(  c  i  ro! ytr  •*n!iitifin 


Figure  4-5,    Electrode  System 
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GLASS  gLEClllODE.    l*he  basic  purpose  of  the  glass  eUctrode  li  to 
m««aure  the  hydtonlum  ton  concentration  of  the  saaple.    The  electrlc«l_ 
twtftdti^l  d«v«lof»ed  at  the  gUM  el^fe««d6  in  p^srtidftsl.  to  ttw  pH  of 
the  solution.    The  amisurmnt  of  the  electrical  iwtentlal,  developed  at 
Che  glatta  electrode.  Is  accoapllshad  with  the  pH  meter. 

In  Bone  types  of  electrochenleal  potential  neaauremnt,  such  as 
oxidation  reduction,  a  metallic  electrode  Is  substituted  for  the  glass 
electrode.    Then  the  readout  is  In  wllllvolte  Instead  of  pH  unite. 

NEVER  USE  MET/O.  ELECTRODES  TO  DETEHMIME  pH  OF  DEVELOPERS! 

RKFERENCE  ELECTRODE.    The  purpose  of  the  reference  electrode  la  to 
provide  a  constant  reference  voltage.    This  permits  roeasurement  of  the 
potential  at  the  glasH  electrode.    The  reference  electrode  Is  filled 
with  a  saturated  solution  of  potasaluin  chloride  (KCl).    The  constant 
Moltflgi*  la  supplied  by  this  KCl.    A  Hioall,  but  constant,  flow  of  KCl 
solution  la  maintained  through  a  liquid  junction  In  the  tip  of  the 
referen<J|  electrode.    Tl.u  KCl  solution  forms  s  conductive  salt  bridge  In 
the  sample  solution  between  the  two  electrodes. 

ttufters 

When  making  a  pH  measureofnt ,  the  electrodes  are  first  iBaaersed  In 
d  buffet  solution.    A  but f er  Is  a  solution  whose  exact  pH  Is  known.  The 
meter  Is  tailbrated  so  that  the  reading  shown  Is  the  exact  pH  of  the 
buffer.    Following  this  calibration,  unknown  pH  values  will  be  In  a 
direct  rtfadout  when  the  electrodes  are  innnersed  In  the  test  solution. 

Hormally  there  are  three  buffers  In  the  lab— pH  4,  pH  7  and  pH  10. 
For  accuracy,  alwayw  select  the  buffer  that  iwuld  correspond  closest  to 
the  pH  of  the  solution  being  tested.    For  example:    When  testing  developers, 
use  buffer  10  and  with  fixing  baths,  use  4.    When  the  test  solution  is 
unknown,  use  buffer  7  <»r  use  litmus  paper  for  a  quick  test  of  acidity  or 
alkalinity.    The  une  of  litmus  paper  is  normally  preferred. 

Operation  ot  pH  Mett?rs 

After  ilif  bufUn   In  seleried,  taking  thf  pH  measurement  is  a  simple 
operation.     However,  bt*  carefu'l.     Ihe  pH  meter  is  an  expensive,  precise 
Instrument.    Follow  t\\v  direction*'  carefully  and  observe  all  safety 
precautions. 

lu  this  iour.se,  there  are  thne  dllferent  models  of  pH  meters. 
These  are  the  Beckinan  Kxpandomatlc ,  the  Expandomatic  Model  SS-2  and  the 
Model  3500.    Each  meter  will  give  accurate  pH  readings  and  operating 
principles  are  basically  the  same . 

The  first  ten  steps  In  operation  of  the  pH  meters  are  the  sane  for 
each  different  model  and  will  generally  hold  true  for  any  other  neter. 
The  other  steps  merely  allow  for  the  different  designs  of  the  meters. 

SW  G3ABR23  O0  001-II-4 


11 


GENERAL  OPERATING  PR0CI3)URES.    Follow  thus  tSep*  **h*n  Uklng  a  pH 

1.  Depress  Stiindby  Pus1»  But  torn.    (Pr«S8  tho  STANDBY  puihliuttOB  to 
the  In  position  on  the  Model  3500.) 

2.  Select  three  25;  ml  beakers. 

3.  Wash  and  rinse  glassware  properly. 

i».    Label  each  beaker  as  cither  test  solution,  buffer,  or  trash 

water. 

5.    Select  the  proper  buffer  which  rorreeponds  with  the  ^lutlon 

being  tested.    (Alkali/Ac td) 

6     Using  proper  aolutlons,  fill  beakers  marked  buffer  snd  test. 
(Approxioately  1  1/2  to  2  InchcH  (3.8  to  5.1  cm)  of  solution.) 

7.  Slide  rubber  sleeve  from  ihe  orifice  of  the  reference  electrode. 

8.  Insure  that  ihe  KCl  la  at  proper  level  in.  the  reference  elec- 
trode.   (If  not,  notify  your  instructor.) 

9     Using  the  trAsh  water  beaker,  rinse  electrodes  and  theraometer 
with  distilled  water  and  blot  off  excess  water  with  lint  free  absorbent 
tissue. 

10.  Cently^^o^cr  the  electrodi-s  into  the  buffer. 

From  this  point,  follow  the  directions  Riven  for  the  particular  pH 
meter  being  used.     (Refer  to  fig-  '♦•-S  '*'^'f 

■  BECKMAN  EXPANDOMATIC.     When  using  thin  raeter.  follow  the  first  ten 
steps  given  above  then  rontinue  with  these  stcpn: 

11.  Depress  STD  (Stand/ird)  burton. 

12.  D«-,TrcBH  pH  button. 

U.     AdIuHt  th«>  STANDARDIZE  Knob  until  the  needle  matches  the  pH  of 
t*»e  buffer, 

lA.    IK'press  STANDBY  butto.9. 

15.  Lift  the  electrodes,  repUce  the  buffer  with  the  trash  con- 
tainer, rinse  and  blot  the  electrodes  dry. 

16.  Gently  lower  the  electrodes  into  the  test  solution. 

« 
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Figure  4-6.    Bcclaun  Qcpandewtic  ^  Mtc«r 


Plgur«  6-7.    B«ekB»o  Knywdo— tic  ^2  pH  Hetcr 
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17.  DeptMS  STD  butcon  *itd  rtcord  pH  mtfliii* 

18,  ;  Deprtse  STAtlDBY  bu&ten*  lift*  rlftM  th«  •Uccrodct  over  ttm 
tr«th  cQfiC«ifi«r.  ■         .  - 

'  19,    ImrM  ch«  cUctrodM  la  a  6«Akcr  of  dUtllltd  mtnr. 

BECKMAN  MODEL  Whan  uaing  Chlf  awt«r,  follow  Cho  flroe  ton 

steps  given  for  the  general  operating  procedure*  then  continue  with 
these  steps: 

fl.    Set  function  control  to  AUTO  TC  for  sutosMitlc  teaperature 
cootpensation. 

12.  Depress  theSTD  (Standard)  buttons 

13.  Unlock  standnrilze  knob  and  adjust  the  needle  to  the  pH  of  the 
buffer.    Rclock  the  staiidardize  knob. 

14.  Depress  STDBY  (Standby)  button. 

15.  Lift  the  electrodes,  replace  the  buffer  with  the  traah  water 
container,  rinse,  and  bfot  the  electrodes  dry. 

16.  Gently  lower  the  electrodes  into  the  test  solution. 

17.  Depress  the  STD  button  and  record  the  pH  reading. 

18.  Depress  STDBY  button,  lift  and  rinse  the  electrodea  over  the 

trash  container . 

19.  Immerse  the  electrodeg  In      beuknr  of  dlBtiHed  water. 

BECKMAN  MODEL  1500,     Thin  is  n  digital  readout  pH  ffl^ter.  When 
using  lt»  follow  clu*  flfBt  ten  steps  given  for  the  general  operating 
procedures  then  cunt  Inut'  with  t!ieio  steps; 

11.  DepreBs  pH  puHhbutton  to  the  In  poeitlon  (engaged),  not 
Hdlust  SLOPK  control, 

12.  PresB  STAND&V  pushbutton  to  dlfi€»ngdga  (out  position). 

13t    Adjust  STAHDARDIZED  control  to  obtain  buffer  pH  on  digital 
display »  and  then  lock  control. 

14.  Depress  STANDBY  pushbotton  to  the  in  position  (enga|ed). 

15.  Lift  'the  electrodes,  replace  the  buffer  with  the  trssh  con- 
tainer, rinse,  and  blot  the  electrodes  dry. 

^  SW  {:3ABlU3330  001-11-4 


FlRuru  4-  ft.    Heckmrtn  HaM  1500  OlRltal  |»H  Heter 

16.  C^nCly  lowt^r  Uie  el*H:tr«.lt»«  into  rhu  teat  Bolutlon  and  allow 
thttH  to  reach  thermal  «M|iilllbr lum. 

17.  PttiflB  SJAWnHY  pushbutton  to  dJ  ifiigagc  (out  position)  and  read 
|iH  value  on  digital  di«jil«y. 

IH.     DepreHN  STANliHY  piiHhhutfon  to  tho  In  (engagc>d)  position,  lift, 
and  rinse  the  tlectrodt-H  nver  the  rraHh  water  container. 

19.     ImmerHf  i  Iim  i  lucirodi-H  in   »  buakcr  oi  dlstiUed  water. 
pK  Keaaurement  Pr er«uE  if>nii 

Follow  the  Kltfoii  illrif.  ilonB  Mtt'p-by-stup .     It  i  lu-y  are  Collowed 
precisely ,  exact  .md  char  readlnKH  will  be  obtained.  Inaccurate 
raadings^vlll  \fe  obtaltM-d  if  they  nre  not.    BoaldeH  the  inaccurate 
raadinga,  the  roattr  toay  be  dauittged.    To  acquire  good  readings  and  avoid 
Mt*r  daaage,  observe  fhi*  following  precautions: 


1.    Rlpccroden  aif  veiy  fragile;  n»*vt!r  let  the  tipa  touch  the 
boC(oa  of  the  beaker; 
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f .    Nl^fER  iHSilVE  TffE  gti^f1l08!l!$  1^1^  SdtllTlONS  ^EPT  tim  IO- 
METER IS  IN  STANDBY f I 

3,    Keep  the  electrodes  clecn.    Rinse  then  with  dletlllad  or 
delonlted  water  and  blot  them  with  cheslcally  Inert  absorbent  tUrae 
before  iMerslng  th«B  In  the  buffer  or  teet  eolutlon. 

tk.    Care  should  be  taken  not  to  tranafer  body  electrleel  ^^harfe  to 
the  glaas  electrode  when  blotting  electrodes.    Blot  only,  00  HOT  WIPB. 
Reading  drift  will  occur  if  the  charge  la  transferred.    If  glsas  slsc- 
trodes  obtain  a  charge,  wait  for  it  to  discharge  before  proceeding. 

5.  The  filling  hole  on  the  reference  electrode  sNw^  always  be 
covered  when  not  In  use. 

6.  Always  check  the  level  of  the  KCl  In  the  reference  electrode;  | 
if  not  full,  notify  the  Instructor. 

7.  Always  leave  the  tips  of  the  electrodes  Inmersed  In  dlstillsd 
or  deionised  water  when  not  In  use. 

8.  Do  not  stir  the  buffer  or  test  solution  with  t>ie  slsctrodss  In 

the  beaker. 

9.  The  pH  of  any  given  formula  wlU  vary  soaewhat  fr<»  one  con- 
tainer to  another.    Therefore,  each  lab  will  have  to  make  a  ssrlss  of 
readings  froB  each  solution  batch. 

10.    When  using  the  Expandomatlc  or  the  SS-2,  always  obssrve  the 
needle  so  that  it  covers  its  own  reflection  In  the  scnle  mirror.  Other- 
wise parallax  will  cause  an  Inaccurate  reading. 

Because  pH  measurfflaent  InvolveH  liquids  plus  electrical  equipment, 
insure  that  the  meter  is  grounded  at  all  times.    This  will  prevent  any 

accidental  danuiH^  i<'  ^^^^  meter  or  the  operator  during  operation. 

The  pH  meters  used  in  this  course  are  equipped  with  automatic 
temperature  control.    Tl»is  means  that  the  meter  automatically  adjusts 
for  the  temperature  of  the  solution.    Also,  most  pH  , meters  in  the  Air 
Force  are  ao  equipped .    However,  onr  may  have  need  to  use  a  pH  faster 
without  thlH  equipment.    When  this  occurs,  it  will  be  necessary  to  take 
the  ;:emp€racure  of  the  aolution  and  adjust  the  Temperature  Compensator 
Control  manually  to  the  tfaaperature  of  the  solutions.    This  step  oust  be 
added  since  the  pH  of  a  solution  will  change  with  temperature  variations. 
A  label  from  a  buffer  powder  package  Is  shown  In  figure  4-9  to  indicate 
how  temperature  effects  pH  of  a  solution. 
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pH  -  TEMPeRATURE  TABti 

mt  fitJfFfcR  POWDER  IN  THIS  PACKAGE.  WHEN 
Of  TMt  FOLLOWING 


"C  pM 

X 

pH 

•c 

pH 

a  9.46 

26 

9  IS 

60 

8.^ 

5    9  39 

30 

U  14 

70 

892 

10  ^33 

35 

a  10 

80 

8.88 

\b  92! 

40 

9.07 

90 

8  8S 

20  9Ti 

50 

9  01 

9b 

8  83 

1HLSL  VAliltS  BAStD  UN  COMJ'LlTt  THERMAL 
eauil  IBRIUMOF  El  ECTROOESANO  BUFFER. 


FiHure  A-y.    Chunges  In  pH  Due  ti.  Temperature  Changes 

QUESTIONS 

op  m\  WKijE  IN  mir.  sw.  use  a  separatk  sh^X  91  LAPER- 

1      What  arc  the  f»rcrautior|B  when  mfxlng  aclda? 
/      ViauietiU-  glH..HW..re  Is  callbraLcd  at  what  temperature? 


J.    What  U  I  hi-  procetlv»r«-  for  washing  Rlanswari'? 

A.    What  wi\l  be  the  rebults  of  mixln«  photographic  developers 
violently? 

What  might  happen  if  a  chemical  for  a  solution  is  added  before 
the  preceding  chemical  ii.irf  dissolved? 

6     What  IH  the  minimum  number  of  limes  glassware  should  be  rinsed 
after  being  washed  Wlth  .i  cleaning  Holutlon  before  storage. 

7.     MeaBurc.muntH  ol   cle**r  solutionn  In  coniainers  are  gen- .lly 
taken  at  the  the  meniscus. 

H.    Wliat  ar..  ihe  il.ree  haalc  tests  Kiven  for  certification  of 
photographic  hoIuI  Inns? 

9.    What  Ih  npectti*  gravity/ 
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.6'C),  at  70-F  UlU'C)  and  at  115^F  ('♦6.1  C)7 

11.  What  18  a  hydroBWter? 

12.  H^rcmeters  are  calibrated  ut  vhat  t«p«atuwT 

13     What  correction  factor  must  be  applied  to  hydrooew  r«dl«gt 
for  tiper^t changea  when  testing  photographic  .olutionsT 

lA.    How  is  a  hydromett  r  read? 
15..  "What  is  a  pH  metci  ? 

16.  What  Is  the  definition  of  the  pH  unit? 

17.  What  Is  pH? 

18.  What  Is  the  neutral  pH.' 

19.  What  are  solutions  with  low  pH  called? 

20.  What  arc  solutions  with  high  pH  values  called? 

'   21.    What  IS  the  purpose  ot  t,.a  reference  electrode?    What  is  the 
purpose  of  the  glass  electrode?  \^ 

22.  What  Is  KCl?     How  Is  It  nscd? 

23.  What  are  buffer  .solutlonM? 

24.  Before  the  .l.rtrod.a  ar.  HU.ui  from  a/olution.  the  elpc- 
trodes  must  be  In   

„   .*f..,  r  r he  oH  of  a  Riven  solution? 


EXERCISES 


Kxercise  1 


EQUIPMENT 


Chemical  HI x lag  FdcUlties 
Assorted  Laboratory  GlaBflwsri- 
'Magnetic  Mixing  Apparatus  cr 

Stirring  Rods 
Triple  Beam  Balancea 


BafliB  of  Issue 

1 /class 
As  needed 

1/ student 
1 /student 
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PROCEDUKES 


X.    Observe  the  ge&eral  safety  precautions  for  tbe  particular 
^Ipp     ehemieais  being  used. 

2.  Remember  tbe  triple  A  (AAA)  rule  when  using  acids — ALWAYS  ADD 
ACID.    Add  Che  acid  or  alkali  to  the  water  or  other  solutions.    If  water 
or  other  solutions  are  ddded  to  acid  or  alkali,  splattering  often 
results,  endangering  the  eyes,  skin  or  clothing. 

3.  Select  proper  equipment  needed  to  mix  1.05  quarts  (one  liter) 
of  AFD  #1. 

4.  Obtain  chemicals  from  the  instructor. 

5.  Following  the  formula  given  below,  mix  the  chemicals  in  their 
proper  order.    Take  plenty  of  time. 

6.  The  instructor  will  discuss  mixing  techniques  during  the 
mission. 


FORMULA  -  AFD  #1 
(D-19) 


Water  (52  C  or  125  F) 
Metol 

Sodium  Sulfite,  desiccated 
Hydroquinone 

Sodium  Carbonate,  monohydrated 
Potassium  Bromide 
Cold  Water  to  make 


500  ml 
2.0  grenns 
90.0  grams 
8.0  grams 
52.5  grams 
5.0  grams 
1.0  liter 


Exercise  2 


EQUIPMENT 


Hydrometer  Set 
Graduated  Cylinder 
Processing  Solution 
Glassware  Washing  lacilities 
Thenrometer 


Basis  of  Issue 

2/clas8 
1/ student 
1/student 
As  needed 
2 /class 


?^    o   - 

ERIC  ' 
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1.  Pour  «  sM^le  of  ch«  developer  nis^  in  exereUe  1  iftto  « 
proper  gredueted  cylinder. 

2.  Use  e  hydroneter  end  teke  the  specific  greviCy. 

« 

3.  Take  Che  csmpereture  of  Che  soluCion. 

A.    NacheBaelcally  adjusc  Che  reeding  eccordlng  Co  Che  pree^tt 

scac^  in  Che  SW. 

Exercise  3 


EQUIPMENT 


pH  Hecer 

Processing  SoXudon 
Assorced  Beakers 
Glassware  Washing  Fuclllcles 
pH  Buffer 

DlsCilled  (Delonlzed)  Water 
Chemically  Inert  Tissue 


Basis  df  Issue 

1/scudenc 
1/studenc 
As  nseded 
As  needed 
As  needed 
As  needed 
As  needsd 


PROCEDURES 


1.  Use  Che  same  so luc Ion.  mixed  in  exercise  1. 

2.  U»lng  procedures  prescribed  in  the  SW,  d»ceniine  the  pH  of  Che 

solution. 

3.  Observe  all  personnel  and  equlpoienc  safscy  preeeutions. 

4.  Store  the  remaining  developer  In  a  brown  stoppered  boctle,  ss 

per  the  Instructor's  directions  for  use  in  the  next  SW.  Labeling 
Inscrucciona:    YOUR  NAME 

COURSE  NUMBER 

DATE  MIXED 

INSTRUCTOR'S  NAME 
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*      SENSITOMETRY  AMD  OENSITWETRY 

OBJECTIVES 

Ualn«  unexposed  original  Hlo.  "Ib^"^-.!- 
solutlon.,  and  manual  ^"ii"i";,triit  b.'^oracc.pt.bl^ 

tometrlc  atrlpa.    Proceaaed  sennltomatrlc  9«il» 
denalty  and  be  free  of  cheolcal  and  physical  defects. 

Ualng  .  d.nal.o«eter  and  prevlou.ly  f  ^^'^S^.^f  ^'"0^ ua!""'"'' " 
measure  and  record  each  denalty  step  to  within  +0.02  of  the  aciuai 

density* 

UBlng  deniiltometric  readings  from  a  previouely  processed  8^°- 
„etric  «?lp.  plot  a  senaltometric  curve  and  detenjlhe  gannna.  Gnnma 
Sust  be  compitL  to  within  40.10  of  the  class  standard. 

INTRODUCTION 

In  the  e«rly  yeara  of  Berial  photo  reconnaissance.  ™J 

intelligence  Information  that  was  good  enough. 

One  method  of  achieving  good  quality  control  1.  the  ^'f^^f*^' 
to«atr^!    ?hrou«h  sensltometry.  a  very  previse  <=<'«";1  °* 
traei;itr.ed  Lterlals.  photographic  solutions,  and  the  «ethod  of 

processing. 


INFORMATION 


SF.NSITOMETRIC  FUNDAMENTALS 


When  a  photograph U-  ««.lBlon  i.  expo«d  to  light. 

Lentuallv  produce  a  »eri»  of  denaltles.    If  tbU  expoaure 
tr.a  pU  e  Z  .T<^rZ  a  ireat  »any  uen.itiea  are  created  »toee  value. 
Tre  th'e  oppoaite.  or  the  negative,  ^.'f        "rras  U  th^^SS'the. 
Theaa  negative  denaltlea.  In  turn.  '  »  !,oxl- 

z/ztZcTTz  t:::::";  -  rsi^jrcS.-  to 

!S5  tS^l^gth  o    tl.e  It  wai  expoeed.    Such  a  variety  of  expoaure.  are 
^^ucll  in  a  c«.era  that  to  »ake  coaparlaon.  between  axpoaures  and 
5::iuu.  ^ulHe  extro-ely  difficult.  Therefore. 
of  orodoelng  a  aarlea  of  known  expoaurea  over  the  range  likely  to  be 

in  practice  ™.t  b.  ueed.    The  l«.tr»««.t  which  doe.  thU  i. 
a  •analtometer . 
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The  first  requirement      «  «tpowre  It  to  1»*  '  ^ 

practice.    If  the  ^^^f  tSc-  eii^re  ««.t  be  controlled, 

?he  duration,  ^^^^j^^'t/belrSti table  and  reproducible. 
Also,  the  resuUfl  must  be  prediccau* 

Sens  ltc«»t  r  y  r^iat 
A3  the  name  inpUe..  •*-"'>"*7„ .JV^ruI^ttyiruSMrS!!" 

all  Eoraa  of  radiation  that  \  radiation  and  no  forth.  Hi»r« 

light.  X-rays.  ^  "..t^f       ',f  rI3l.tlo«  on  ..«-lti*.  -"rUl 

rp;rhrpaTr«r«rUnr-:einl^^»"  <>' 

X„  practice,  -alto^try  co«.l.t.  of  Sivin^-jr^SS  """^T  t«. 

Lrraiifp  TaTo-s-ti"- ^^^^^^^^^  -  T 

X„  order  for  the  -l-lo„  to  be  «lld.  the  -p^^^^^  U 

and  Proceaslng  »u.t  ».tch    ho.e  1.  .  a«f.r-nt 

test  a  material  that  Js  nv^ 
from  its  Intended  use. 

aenauometrlc  -trip  :ro'rircl'nS".""«"""^'"""" 
strip,  la  »  convenient  method  "t^'-^^^^^^^,  should  progre..  by  .«». 

denaUtea  for  P-P"«"-  ^^'^^'J'ioild  have  auftlclent  ran*,  to 

p^edeteralned  »U  pie  .  f  e«  ^^^^^^  ,„„„„t.red  in  th. 

be  representative  or  nny 

photographic  negative.  M„nea.  of  •  batch  of 

photographic  che„lcala     »  -^^J^'       „,,,„J    it  can  .1.0  b. 

proceaalng  or  the  °1„  J„  „f  a  partlcul/  type  of  "J"; 

Led  to  "-""^"toletrf  can  be     ve„  Important  tooT  f or  the  photopro 
Therefore,  senaltometty  can  o 
eeaalng  Bpeclallai- 

Cl..'alfl"tlon  of  Senaltoaetera 

_ifi:eirt:n:t  r-i  renri^^-er  =urhir=^^^^^  - 

2?1 


JERIC 


V 


de«lgn«idl  to  owke  controlled  exposures  which  produce  daiMltlus  sultsble 
for  sensitometrlc  r.t^stlnK.  Sensitoawtrlcdenslcoaetrlc  eesclng  requires 
«  «eth«d  of  e£ffitparln«  the  ssmmit  ©f  (ix^^re  K&ven  to  m  essiXsion  €o  tlw 
^MUtittt  tit  dewiify  wltfsfti  "remilt*  fr«i  tliiKt:  ffX9o«ttf«* 

SensltomeCers  are  Rrouped  Into  Cwo  clusse*.    I£  che  Int^slty  of 
the  light  is  changed  while  the  Cins  Is  held  constant,  the  senslcoseter 
is  an  Intensity-scale  instrument.-  Jf  the  tl»e  varies  while  the  inten- 
sity is  kept  constant,  the  instrument:  is  a  time-scale  sensitoawter. 

TIME-SCALE  SENSITOMETERS.    There  ari»  several  designs  for  time-scale 
sens itomer era.    One  way  to  build  such  an  histrument  would  have  the 
otaterial  eKposed  in  different  steps.    This  would  be  similar  to  exposing 
a  test  strip  during  prolectlon  printing.    In  other  words,  one  section 
would  receive  an  exposure,  then  another  section  would  receive  a  larger 
exposure  until  the  entire  strip  had  been  exposed. 

Another  deHlgn,  more  coomonly^ used ,  uses  a  rotating  wheel  with 
apertures  of  different  lengths  cut  into  the  wheel.     (See  fig.  5-1.)  The 
«»pertures  are  precisely  cut  In  order  to  give  an  accurate  exposure  time. 
In  both  of  these  de'Hlgns,  the  Intensity  of  the  exposing  lamp  remains 
constant. 


EXPOSURf  DISK 


LIGHT  SOURCt 


0= 

'  FIlMPl/VIJN 

Ih 

MOTOR  \ 

FlRur%  ^-1.    Time-Scale  Seiiaitometer 
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Until  recene  years ,  tlTO-fie«le  stem  It  one  t  era  umtm  wmd  for  mtt 
precision  irork  because  it  vss  eeeier  to  obtcin  m  seriee  of  Aceurace 
exposures  by  varying  the  tlae  than  by  varying  the  illuslnation*  The 
usual  method  of  obtaining  a  tkie-scale  exposure  it  by  Mane  of  a  to^ 
tating  disk  with  apertures  of  varying  length.    When  the  diek  ie  rotated 
in  front  of  the  sensitive  wterialp  the  time  of  exposure  verieo  directly 
ifith  the  length  of  the  aperture.    The  exposure  varies  by  the  pomr  of 
two. 

INTENSITY-SCALE  SENSITOKETERS.    Sens! tometers  in  which  the  ecale  of 
exposures  Is  produced  by  varying  the  illumination  on  different  parte  of 
the  eftulsion  are  preferred  because^  in  actual  practicet  photographic 
maCerlals  are  usually  exposed  to  dlfierences  In  lllualnatlon.  For 
examplev  exposing  negative  materials  In  the  cawra  eubSeets  the  esnilelon 
to  varying  intensities  rather  than  to  different  tioies.    Kany  types  of 
sensltometers    producing  Illumination  ncales  have  been  design^,  but 
those  using  light  absorbing  flUers,  commonly  known  as  step  wedges,  are 
the  most  widely  used. 

Light  Sources 

Photographic  exposure  |.s  defined  as  the  product  of  illiniination  and 
time  (E  "  I  X  T)«    The  unit  of  exposure  ts  the  meter-candle  second 
(NCS).    This  Is  the  exfn)sure  produced  by  a  fitandard  candle  in  one 
second 9  at  a  distance  of  one  n^ter  from  thp  material*    It  follows  then« 
that  the  two  Important  parts  of  a  <iensltbinrter  are  the  light  source  and 
the  device  for  producing  a  series  of  graded  exposure  steps* 

Light  source  lamps  for  a  sensltomcter  must  be  carefully  chosen,  and 
their  characteristics  must  be  precisely  known.    The  intensity  of  the 
light  must  be  known.     It  must  be  sufficient  to  make  the  time  of  exfK^sure 
correspond  closely  with  actual  photographic  practice  and  It  must  resaln 

constant  over  long  perfod?i  of  time.     In  addition,  the  color  teoperature 
of  the  light  must  be  known.    These  lllufalnatlon  requlretsents  are  ful- 
filled most  completely  at  the/present  tlcie  by  special  Incandescent 
tungsten  lamps.    Both  the  intjennlty  and  the  color  quality  of  lamps  of 
this  kind  depemt  on  the  current  flowing  through  the  fllaftent*    It  Is 
necessary  to  malntalsi  proper  voltage  at  ail  times.    Another  factor  In 
precision  »enRitometry  in  the  change  In  boti.  intonslty  and  color  with 
the  age  of  the  lamp,     A  replacement  lamp  should  be  burned  for  a  short 
time  before  using  it  for  testing  purpos€?f?.     An  old  lamp  should  be  dis- 
carded before  any  appreciable  change  occurs. 

Incandescent  lamps  of  the  type  most  suitable  for  use  as  a  stamlard 
light  source  operate  at  a  color  tmaperature  of  about  23CK)*  while  the 
color  tesiperature  of  sunlight  at  the  earth's  surface  has  been  flic«l  at 
5400*  Therefore,  le- is  neceeaary  to  usc!  a  filter  to  alter  the  color 
tes^erature  of  the  lamp  so  that  It  1b  equal  to  the  color  tsaperature  of 
sunlight.  Gelatin  filters,  such  as  the  "Wratten**  78,  78A,  ^idrl9  are 
sufficiently  accurate  for  practical  exposures  and  are  generally  used. 
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Another  Ught  «ourc«  suitable  lor  u«e  an  «  SMiuUrd  light  ^» 

Gs^oflure  Modulators 

For  •  .«».lto«ot.r  to  product  a  graded  serle.  ^f^^'^^^/Jj^.^. 
valu..  of  the  «po.uro  Interval,  mist  be  5^^^^  S 

wiilB  are  aenerally  arranged  in  staps  increasing  in  order  frwi  ^"T 
wis  :xpo2"e!    A  part  of  Che  strip  is  left  unexposed  in  order  that  the 
fog  density  of  the  material  nay  be  detormlned. 

TIME-SCALE  MODULATORS.    First,  consider  the  *"i^*i„**;^„ 
1„  sensltc^eters  and  see  why  the  time  intervali  are  figured  the  way  they 
i;r"?in^d"  Lklng  a  tes^  strip  «nd  that  the  exposure 
I^.    Assu»a  a  trail  r«ngc  of  exposure  times  from  5  to  80  aeconds. 
What  Intennediate  steps  should  be  used? 

one  answer  night  be  to  use  steps.  5.  10.  15.  20.  25  ««<^<»«J» /"J 
on     This  »ight  appear  to  be  a  reasonable  system  of  exposure,  but  it 
?ailsTa.ee?  the  Jequlrenents  for  an  equal  set  of  exposure  changes. 
.  ^is  can  be  seen  by  'omparlng  the  steps  In  the  low 

chanae  from  5  to  10  seconds  is  a  100  percent  increase  in  ™ 
the  change  f  o«  10  to  1.  Beconds  Is  a  50  percent  increase  J^^^^^ 
rL  75  to  80  seconds  would  only  be  «n  increase  of  percent. 
Thwefore.  as  the  exposure  tlBi.  becomes  nreater,  the  effective  increase 
becomes  less. 

In  designing  the  exposure  modulator .  then,  a  set  of  e^»»\^|;«"8^ 
IS  reauired      If  h  chaiiKe  from  5  tu  10  la  appropriate  to  use.  the  next 
i't/p  rhiuld'be  20.  iben%P  and  so  ..n.    Such  a  series  "-^'^^^^^^ 
eoually  spaced  in  a  geometric  progression.    There  is  a 
iSrihlch  is  oaed  to  generate  each  number  from  the  preceding  T*»* 
complete  series  would'b.  5.  10.  20.  40.  and  80  ^%^^«^^8h.  that 

Ure  you  have  exhausted  the  r«nge  trom     to  80  in  only  5  ™ 
principle  that  appUe«  here  Is  "to  produce  a  f^^^^r^J^f^Hor 
changes,  do  so  by  repeated  muUlpl Icatlon  by  some  factor.      (The  factor 
nmed  not  be  2.  although  this  U  commonly  used.) 

chat  the  logs  have  <i  common  dltierence,  wnisin  wr.w 
of  the  common  factor  2.) 

5  10  20  40  80 

0.70  1.00  1.30  1.60  1.90 

The  oiinclple  usi^d  here-  Is:    "A  series  ot  equally  spaced  exposures 
HSuSllJ  ipiced  m  thai  they  differ  by  a  c^n  oailtiplier)  when  expressed 
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i:,it?^J5  iXi^:..  to  giv.  th...  .,0.11,  .p..-  "»..«•. 

one  rcvoltttlon  of  th«  ^eel. 

hS»e  w  .Unlflcaot  effect  on  the  colot  ,u.llty  of  th.  light. 

INTENSm-SCALE  tWDULATORS.    In  the  tiae-ic.U  feMUoaeMW,  th« 
e,cpo«™Th*aged  (or  modUted)  by  aperture,  of  --^^v^JJ; 
^ulator  used  in  a  intenslcy-scale  J^^^'^^^-Jfi;*:  *  1. 

!?ep  Sedge  or  tablet  and  ha.  step,  of  varying  d*"*^?^"*  JJj"; 
Uea  in  precisely  known.    This  oodulator  ^J^f^i^' 
Ught  striking  the  film  being  te.ted.    By  u.tng  this  a«dulator  evw 
exposure  changes  can  be  obtained. 

Absorbing  step  wedges,  are  u.ually  ^^^.^^  ^"^^.^^'J^^'^^^ 
layer  of  gelatin  containing  carbon  or  some  black  Pjf        .™ J^;,, 
!nirort.tric  work  by  the  practical  photographer,  it  1.  often  adwiuate 

deposit  as  free  as  possible  of  color  other  than  gray. 

An  intensltv-scale  sensltometer  using  a  step  wedge  1.  .l«ple  to 
An  intensity  involves  placing  the  w«lge  In  contact  . 

construct  and  to  use.    It  taarcly         ^7**  *         *  _  gtarelard  laop 

with  the  test  strip  and  exposing  both  to  the  light  froa  a  staMaro  imp 

mrx:»^s>rx  .s^;:-™^-^"*  ^^^^^ 

and  the  step  wedge*   Sve  figure  S-2. 


LFAST  f  XPOStJHt 

1 

I 

Of  NSL  ln:) 


MOST  EXPOSURE 


1. 1  l.J 

LIGHT  fNO 


FiRurc  5-2.     Intensity-Scale  Sensltometer 
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There  are  two  tiimtUtttmetera  In  comwu  n&v  In  the  Kit  Force.  Thtae 
ar«  the  RoaaJt  Procetis  Control  Sent  1  tome ter  Mod<»l  101  and  the  E  C  &  C 
Ittrk  VI  SeiwitOTieter.    Both  oi  tt^ee  inatrttweate  ^r©  liit«i»t«y-»caxe 
mmitt^^^VKt  .  "  

Kodak  Jtodel  101  S«?nHlttHn*»ter 

FUNCTIONAL  DESCRIPTION.    Thl»  Inatrumpnt  provides  repeatable  ex- 
posures for  either  bUck-anU-whlte  or  color  photogrspte  raat«rlAl8  for 
process  control  piirpo8«»{i  in  UboraturloH.    The  senaltoaeter  Is  versatile 
enough  to  handle  all  conwwnly  prorCN^t'd  paotographlc  materials  with 
auff^cient  accurarv  to  provid*"  the  dcRtt'e  <>f  control  required^ 

A  fixed  4'Xposiiri.  tfm.'  ni  1/5  Hoapiyd  Is  produced  by  a  shwtter  disk 
connected  airiTtiy  to  a  Hvnchronous  imitor.     Illuiolnfltlon  of  constant 
intfn«lty  and  color  Mu.illfv  Ih  provided  bv  .«  calibrated  projection  lamp 
oounted  In  a  pol«-lz«a  i-pron^ed  plu^s-     Him  electrical  control  circuit 
for  the  lamp  conflsfft  oi  a  voltage  stubU  Uer  to  supply  constant  volt- 
age, H  variable  trantifounfi  to  product-  the  correct  lamp  current,  and  an 
dfaaeter  to  set  and  rt-ad  the  required  Urap  current.    Combinations  of 
calibrated  neutral  densttv  and  color-balancing  filters  are  used  In  the 
exposing  beam  to  convert  the  lUunlnutlon  Intensity  and  color  quality  to 
meetj  requlceaenta  of  th«-  material  bein»;  t^xposed. 

Ihirlng  exposun-,  t  Uni  or  papt-i   ts  hfid  by  a  pressure  pad  against  a 
8t;ep  vedge.    ThJ  KudalT S.  usl toraetr  1.  Step  Tablet  No.  1,  supplied  with 
the  sensltometer.  provldea  11  exposures  with  a  0.30-denslty  increment 
between  steps.    Total  exposed  area  is  7/K  by  4  7/16  inches  (2Zn»  x 
I13«m).    Ot)ier  mep  wedges  Inr  Hpeclallrt'd  emulsions  are  also  provided. 

This  sentiometer  munt  bi-  used  tn  a  .larkroom,  but,  for  efficient 
operation,  It  Is  advln«ble  for  you  to  practice  operating  it  In  the  « 
light.     (See  fig. 

The  callbrattnii  H  f     of   i  be  Ump  Ih  100  to  150  hours.    To  conserve 
this,  turn  off  the  Histiument  yheu  It   1h  not  In  use  and  do  not  operate 
the  l.iop  at  a  current  value  Rreater  than  .specif led  on  the  calibration 
tag      As  a  further  caution,  alfirays  turn  the  Instnuaent  on  and  off  with 
tha'lahp  control  knob,  n..t  by  lnsert\nK         pulling  the  power  cord  In 
th«  outlet.    This  will  protect  the  lamp  ..ud  ammeter  from  sudden  current 
surges. 

Tbf  aides  oi   thv  y,uiv  are  notched  C  allow  positioning.     Strips  of 
film  or  paper  35tmn  or  1  1/2  Inches  (H9n^  wide  can  be  handled  by  resting 
thalr  lower  ed&es  on  th«'  lowet^t  stop  on  the  gate.    The  strips  uaist  be  atr 
least  6  1/2  Inches  (165itgn)  long  to  allow  proper  handling  on  the  gate, 
but  they  can  be  much  longer  U  desired. 
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C  ^GATE  RELEASF  LEVER  F  -  MCX5ULAT0«  Wf TH  STEP  WEDGE 


A     GATE  D  -  LAMfVCONTROt  KNOB 

B  -  DARK  SLIDE  E  -  EXPOSURE  OjTTON 


Figure  ')-3.    Kodak  Process  Control  Sensttoraetei' .  Model  101 

l^e  reswvable  neutral  density  filter  asseably  c<^t8ln9  tw  glws 
filters  and  ^IIovh  ^J«s6«ent  of  the  light  J^^f^^i^*^^?  •"iViJ'^ 
neneral  Xypm  at  mterUl.    These  include  bUck-dnd-whUe 
ft!Si   color  films.  i*f»d  «ost  print  materias.    The  lighter  of  thw.  C«o 
m^st^s  a  density  of  .pprOKl«ately  O.HO  and        t-'^!r^«f * 
donsUy  Of  approxlnsately  2.10.    the  filter  ass««bly  is  r«^aWe  for 
conditions  where  no  filter  la  required. 

SW  OOl-TI-5 


The  colof  f  titer  holder  accepts  3-lnch  (76ii«)  eituere  tUtere  nMded 
t.  taS^  tS  crto.  v^tty  of  the  Ul«-i«tt.n  for  the  yerlou.  tn» 

OfEiATllKS  PROCEDUREli.    To  opamte  the  Kodak  lOl.  follow  theta  sUp. 
caraCully: 

1.  Hake  certain  that  power  cord  U  unplugged  -  la»p  control  knob 

2.  Inaert  t>roper  neutral  denBlty  ami  color  coapenaatlng  flltera. 
i.  Close  dark  B\U\e  door. 

4.  Plug  power  cord  Into  lOOV  grouna«?d  outlet. 

5.  Check  proper  placement  of  exposure  modulator. 

6.  Turn  lamp  control  knob  "ON"  and  adjuat  to  bring  dBBieter  to 
value  given  on  lamp  calibration,  tag. 

7.  After  2  ininuteH  readjuRt  lamp  control  knob  If  reading  on 
anoeter  Is  not  correct. 

8.  Turn  out  room  lights. 

9.  Open  platen  Rarte. 

10.    Place  strip  a.ross  pressure  pad.  holding  the  ends  In  appro- 
priate notches  -  clone  platen  nate. 

11      Press,  and  immediately  release,  exposure  button.  CAOTION— 
Holding' the  button  too  lung  will  result  In  multiple  exposures. 

12.    Open  the  gate  and  remove  the  exposed  strip. 

n.    Turn  "OFF"  by  turning  the  lamp  control  knob  countterclocteflae 
until  the  uwltrh  cUckH. 

U.    UnplUR  the  ptiwer  cord.  « 

J5.    Open  dark  Hlhlv  doof  and  reuuwe  the  filters  -  close  the  dark 
Hllde. 

E  G  i  fi  Nark  VI  SfnHUom<*ter 

FUNCTIOKAI.  PE.SCRIPT10N.    The  Pfcirk  VI  is  a  precision  photographic 
research  tool  whUh  uses  a  ximon  flash  source.    Designed  to  be  U8«l  *» 
tha  exposure  light  source  for  film  characteristics 

CMS  control  operations,  and  reciprocity  effect  studies,  the  Mark  VI  can 
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phflitosrAphy. 

toggle,  an*  10    ,  10    .  r7^<n.  the  cover  platen  triggers 

X„?^«,  on  Che  top  of  ^J^,  "J  -^C^Uf::'?^.?,,^"  Jh.  b...  -o 

built  in  voltage  regulator  clrcu  t  prevent,  change  in  IJ^^^^Jl^ 
line-voltage  fluctuationB  fro»  duration  flashe.  at 

three  -different  RC  circuit,  provide  J^"^ J'^^'.^^^proxlaaWly  MOO 
three  different  ^T^LTJ"™  the  10*'  second  circuit.- 

?2l!;d  ro^-^-ir^l^ul^ri^UvXp-Wtelv  1000  and  130 


meter 
The  10 

MCS,  respectively. 


The  three  exposure  tl.e  selector  ^'''^^^tt:^""^^^!.  IM 
Shutter  speed,  «"  -^-|,-<i''»"|;n''^;io„?'  .  rii^ani'lO'^'e^uaU  WIOOOO 

:::.rrti.:r:«  pi-Med  to  ano-. e.po.ur..  .,uiva- 

!ent  t^  the  exposure  used  during  .ct>.-l  uko. 

,He  co.p.ete  -nalst-  or  the  s.n.Uo^t^ 

Uashtube  shield  »^  «'ie  .    See  figure  5-..  Call- 

No.  2  PhotographU-  „h,.ln.J,  or  the  acale  provided 

brated  photograph  c  »u-.  '"I:'""    ^.  .^j^  bo,,  which  I.  Inaerted  Into 
can  be  easily  -'l'*;"'"';,  ^f:;..^"f    he  In.tr^pent.  provide,  th.  «- 
the  tody  ,:«vlty,...id.'i  'l^'  P>f test  In  expoaed.  The 
po,ure  platform  .r...  "  '  =      I'^l;' '  ,  '  te^Slch  are  io.erted  b.t«..n 
variable  area  f  i  lers  '  -        ""^  t,.     "  .  ,  ,.Uow  the  u.er  to.  balance 
the  fja'ht"'"-  ""^  '    ■  u  wUl.1.1  +  10  percent.  • 

tb.  /ight  of  "■r,;."r,':,rn';  1    ;r    -.■.i;h:ln  be  ?on.lSer.d  equlv- 

The  3-1  me  i  i  '  c^r  -aid  !  ht>  19  Une  '  ^Mveiv    aft;  used  to  nonaalize 

^he.URht  output  of  thr  10     ""^/^^     '  ^  t  of  .he  three 

10-^  aecona  circuit  i^", f^^'"  JtS^erletLi  and  exposure^ 

.  circuit «  can  be  useful  In  «  ."^^^  "J  '  [^"/,*p!ued  a.  an  exposure  iBoda-  . 
reciprocity  effects.    The  Btcp  tabLt    b  ^"PPJJ^«       96  eerlet,  can  alio 

.  XatoJe    Neutral  d-^^^^y/i^^^^'  ^l^f  thr  lndrw^I  circuit,  to  avU 

fheTe^  Jire%r::--ur-  — 

lie  nofrecommendcd  for  color  work  however. 
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A  -  MARK  VI  SENSITOMETER 
B  -  CRAY -SCALE  BOX 


C  -  FLASMTUBE  SHIELD 

0  -  VARIABLE-AREA  FILTERS 


Figur«  5-4.  Complete  Mark  VI  System 

The  E  0  i  G  Mark  VI  SenaltoMter  ii  an  instrument  with  which  stand- 
ardization can  b«  accomplished.  With  it.  complex  photographic  variables 
cin  be  analyxfd  .eparacaly  and  sciantif Ic-Uy .    The  precise  duration  and 

c^s^anr^epertablUty  of'the  light  output  of  the  Mark  VI 

poaaible  to  consider  all  aspects  of  the  P»^«°8^«P»^^^  P"^f  and 
Solnt  of  view  of  exact,  controlled  enposure.  Film  characteristics  and 
the  affects  of  processing  conditions  can  he  determined  easily  and  pre- 
cisely with  this  Hensitometer. 

The  foregoing  Information  on  Che  Wark  VI  aensttometer  includes  data 
only  for  one  type  (or  version)  of  the  Mark  VI.    There  ere  two  versions 
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of  this  s««site«.t«  m  -^-teoce  ^n^^^e  ouwt^jrla.  j^^ 
then.    To  compute  the  exposure  properly,  the  output  of  tw 


must  be  known. 


These  two  versions  are  comonly  referred  to  «•  the  "gr.y  m»4mV*  end 

the  "white  iKKlel."^  The  differences  In  output  are  as  follow. 


"Gray  Model"        "White  Model" 


10'^  circuit 

^    1300  jncs 

1000  mcs 

lO"^  circuit 

7000  mc8 

3000  ncs 

10  circuit 

IJO  mcB 

130  (Bcs 

OPERATING  PROCEDURES.    To  operote  the  Merk  VI.  follow  thew  steps: 

1.  '  Plug  power  cord  Into.llO  volt.  60  cycle  AC  outlet. 

2.  Switch  power  on.  / 

3.  Press  denlred  exposure  time  selector  switch. 

4.  Add  neutral  density  filters  or  variable  area  flUeri  if 


necessary . 


NOTE:    TO  add  filters,  remove  ,he  Rr«y  scale  box  completely  fto« 
the  instrument.    Drop  filters  or  sr..  wel,hted  "'""""""/"'^.J^'.^,. 

and  will  bi'  .mpoHfUble  to  make  an  pxposuro. 

.  Check  rh.  operation  uf  tho  instr.m.-t  by  pressing  the  micro- 

switch  luc.ted  behind  the  grav  HcaL'  bo.  whiir  looking  ^^J^^^^l^^i 
I      L  rh-  ^tev  wfdEe      If  th*<  fUfh  is  not  Be%-n.  ch.-ck  the  electrical 
™a:>n         !™  .ho  ,.„.,„  =.>.,.-lon  .,.u.o„  >,  depressed  completely. 

6.     Turn  room  HnhtH  of  I  . 

;      r.Mitiou  film  strip  on  .r«y  hchIc  ',o.  so  th«t  It  completely 
cn.eJ'J  .t.p  woa.e.     I>U  NO  I  all.w  t  ho  ,  tn  cover  the  microswltch. 

8      Close  lid  of  the  seneltometer  until  the  "click"  of  the  olcro- 
switch  is  heard.    When  this  is  heard,  exposure  Is  complete. 

9.    Allow  at  least  5  seconds  between  exposures  to  Insure  recherg- 
ing  of  circuit  capacitors. 

10.    Repeat  steps  b  through     until  all  strips  have  been  exposed. 
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11.    When  All  exposure*  have  been  »i»de,  switch  the  inatruront  off 
and  unplug  the  power  cord. 

Sens 1 toe* trie  Proceseing  Hethode 

The  density  of  a  developed  image  depends  on  the  charecterlttlc.  of 
Che  ewilslon.  iti  exposure  and  the  degree  of  development.    With  any 
enulilon.  the  degree  of  develo|Hielit  depends  on  the  tenperatore  of  the 
S^elop.;.  development  time,  the  degree  of  agitation,  and  the  activity 
of  the  developer.    In  order  to  make  a  usable  sen.ltometrlc  teat,  all  of 
cheae  variables  must  be  the  same  from  one  test  to  the  next  test,  use 
the  aame  developer/film  combln*llon\  at  the  same  temperature,  for  the 
e<ine  tine  wft1v-th«  same  amount  of  ag^itation.    Everything  must  be  exact. 

There  are  3^lethods  for  procesalnR  aenaitoraetric  strips:    The  ASA 
tray  method,  the  lank  method,  and  the  machine  method. 

%      ASA  TRAY  METHOD.     Fur  proceasing  most  test  strips,  the  ASA  tray 
««thod  of  aRltation'B»^be  aatlaf actory .     In  this  method,  provide  three 
trays  of  auitabae^Bli^r  de<?eloper.  rinse  or  stop  bath  and  fixer.  Use 
solutions  at  bB*V^^mm-     K4>ep  the  proper  amount  of  developer  in  a 
graduate  until  time  for  processing.    Place  th^  proper  amounts  of  ^Inse 
and  ffxer  in  thei\tr4Vs.^  Then,  with  the  lights  out.  proceed  as  follows, 

I.     Tape  thi-  t'est  nXr Ip^'C^tlVbtS'ttom  of  the  dry  developer  tray. 


2.     Siart  ther  timer  and  ^ur  the  beaker  of  developer  into  the  tray 
containing  the  test  strip.    »  ' 

i.     Agitate  continuously  , in  the  following  manner: 

a.  Raise  the  left, side  ot  the  tray/Tl^o  3/4  of  an  inch  (or 
4bout  2  centimeters).  ■  - 

b.  Lower  smoothly.' and  laanediately  r^ise  and  lower  the  near 
side  in  a  airollar  manner.  . 

c.  Next,  raise  and  iowet  the  r)ght  filde. 

d.  Ttien,  again  raiae  and  lower  the  near  side. 

Rinse  the  film  (with  agitati6n)  for  about  5  seconds. 

b      Transfer  the  film  to  the  fixing  bath  and  agitate  (as  described 
for  development)  for  about  10  seconds.     Repeat'  JJhe  agitation  several 
times  during  fixation. 

6.    Thorouglily  wash  the  film,  treat  with  a  wetting  agent  andj^^iang 
to  dry. 
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taportant.    W  »f.ndard8  are  to  be  »»*""'"^;    ^  ^Jh.    W.ry  .tap 

TAMC  PROc'eSSING.     The  ASA  ,f  °,roU«  .in/lt^"^^^^^^^^ 

BO«e  purpose*-.  However.  "  i%^"J^J%"/to  ault  dlff.rent  «Md..  but  _ 
strips  in  tanks.    The  type  of  ""^^^''^^he  only  thing  that  dl|f«s 

the  same  processing  controls  must  be  «t.    The  °    ^       '^t^oa,  „e 
ts  the  -"hod  of  agitation    ^^^^  lo  a    t.nK  agit.^^  ^^^^^^ 

SreielT'^rri^l  trp^cLsln;  unit  U  used. 

.B4f-ation  i»  made  by  a  controlled 
I„  soo^e  co^ercUl  Processors.  '  «  ^"'/"/^^  consistent  and 
burst  of  co-pressed  nitrogen.    ^J"  ■;"°"^„„o„  ,„  de«l*o«»  to  process 

vide  extJfifnely  accurate  results.  . 

\.  oonrpcQTNr      Ot,lte  of  ton      senelton.trlc  strip  will  P"' 
MACHI^  PROCESSING,     qtiite  oit^i  -.r^es  CW  purpotM.     It  !• 

ceased  In  a  production  f  tl"'"^"«"^^;„"'ii%Te^:hn^,  befir.  ».lu.ble 
used  to  certify  the  """'f  ^^^rJ^'.^the  r.U.blltty  of  th.  -chin, 
mission  film  U  run;  and  U  \  °  \       ^^e  extremely  high  degree  of 

UseU.    Although  this  ^^Id  have.  It  prove,  to  be  a 

rarbV'i  "p^airrn:  r-rea^mg  contra  stnps. 
'''"Lim.  .a...  .ules  .f  ^"-°;:,-::rarIr"f'"«r'^r^lnr' 

,„lps.    B.wa...       t.u.  '■'^-l"  :I^:"'"  Le  equipment  properly 

total  ''-^-"^'•;;:-;  ;hr   '  ^     ^lU  prevent  needless  groping  and 

before  turning  <nit    rhe   i  ignis. 

nKNSITOMKTKlC  MF.ASUREMENTS 

,    ,^     trio  IB  exposed  and  properly  proceised.  the 
Aftet   :nc  -nt-.ol    '^^/^  (.ueBBln^  haH  no  place  in  the 

densltiee  .u.c  be  .e.su  ^^^^^       ,,«,,,e  the«e  densities 

precision  photogr.tphic  lab.     ine  m  concepts  of  tranfltnlBSion, 

IB  called  densitometry  and  is  based  on  tlu  conctpc 
opacity  and  den-sity. 

TransailsBion.  Opac  ity  and  Density 

«  t^i^^    oart  of  It  1»  reflected,  part  of  It 

When  URht  .triken  a  negative.  P-^^  °^         ^^^^  three- conditions 

1«.  absorbed,  and  the  r.niHinder  pa^eeB    hrc  u«h^    The»  ^  ^^^^^^^^ 
bear  4  definite,  r.-lntlonship  to  each  other,    jori  P 

SW  G3ABR2  niO  OOl-H-'i 

i.4      c  .^o 


T  .  1/2  or  0.50  or  50  percent 


or; 


incident  light 
Opeclty  -  trnnffliltted  light 

For  mstence.  using  the  veluee  fra«  th.  preceding  e««ple. 


0  -  Y  or  2 


Thus.  It  1 
flileslon  and 

U  obtained.    For  exasple 

1  1   1     .  , 

t  -  2*  °  "I*  OlO  ^ 

SU„  the  v.lu«  of 
b.  wen  th.t  as  the  percent  of  "'""^•V^,  ^,e»ly  a-ll  tr«i«it- 
„pr«.lon  of  opacity  ™^i;J^r„L«l«t.M,  Urge.  "(%-- 

Thua.  Denalty  -  Ior^q  Opacity 

TO  illustrate,  unlng  tha  values  fro«  the  previous  examples 
D  »  log^o  2  -  0-50 
^r.  0;30  IB  the  logaruhmlc  v.lue  of  2      obt.ln«l  fro.  .  table  of 
cewm  logerithns. 
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Hence,  tt  ta  Alumys  less  th«i  100  |»erceiit  ot  U  •nd  ^ 
SSI^'elther  ss  a  deci«il  frsctlen.  or  as  J^**',,,^^  2^  or 

reciprocal  of  the  trafwalttance  and  mil 

greater  than  1.    Density  Is  the  coawm  logarltha  of  the  ofaclfz. 

The  photographic  i»Mie  P'^^-^^^^^^^^^^^^^f^/SliS^ 
considered  In  either  of  two  vays;    (1)  as  the  aass  •"f^LJ^.T;^ 
awa.  or  (2)  as  the  ability  of  the  deposit  of  sllirer  to  •«««*it^ 

irst  18  useful  when  considering  Usage  *  ^^SSJ  ?L. 

chaBical  action.    The  second  Is  laportant  sloc«  ths  P^^«£«Rh^^ 
tlon  Involves  the  absorption  and  tranoalsslon  of  light .    Both  ■sthoas 
carbe  used  to  evaluate  the  effect  of  exposure  and  ^f^f'^^J'JJ^* 
first  method.  alt».o«gh  It  appears  to  be  the  f*".^^*^^*!^"^^' 
flcult  to  measure.    It.  is  w»re  useful  to  evaluate  an  laage  by  asasoruig 
Its  absorption  and  transolssion  of  light. 

Of  the  three  terms  used  in  this  lesfon.  ^'^^^'^.^ 
densltv    the  oost  important  is  density,    Honever.  no  one  of  tnm  terws 
^r^riisassriat^ro.  the  other  two.    If  the  value  of  any  on.  of 
these  is  known,  the  values  of  the  others  can  be  ccwputsd. 

Densitometry 

Dcnsltomeiry  provides  the  information  needed  for  the  practical 
appli^ain^?^^^^  in  the  determination  ^^th.  |rtjOtogr.phlc 

characterlstlcslof  radiation-sensitive  materials.    ^«  o^^^^'^^V  .  ^ 
SensU^try  iJ  the  portion  of  sensito^try  when  measurements  are  t»k«l. 

DensitooK^ry  is  the  measurement  of  density.    This  density  can  be  on 
film  ^  pi^or  any  oth«  seneiti.ed  material.    Density  Is  «««.red 
wUh  som^  foL  of  pLtotneter  which  compsres  the  light  .^J. 
sibstan^  with  the  light  incident  upon  it.    This  instrument  is  a  drntsi- 

tometer. 

Classification  of  Densitometers 

A  densitometer  measures,  in  terms  of  density,  ^^^^JJ;;  "fj^. 
ability  of  areas  of  films  or  prints.    There  are  several  ^^^f^' 
tometer  i-^  use  and  more  are  being  designed  for  future  use.  AJttwugh 

densitometric  readings  will  be  done  by  the  quality  control  section, 
rthor^gi  k^^wlidge  of  densitometers  is  helpful  to  ^^jf^J^'^tSS 
specialist  so  that  the  mission  of  the  unit  can  be  accomplished  smoothly 

and  quickly. 

VISUAL  COfPARISON  DEMITOHETERS .    Visual  comparison  J'^^Jf^^^" 
have  a  field  of  view  consisting  of  two  concentric  areas  of  light  as 
shown  in  figure  5-5. 

i  '   '         ■    ■  ' 
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Figure  5-5.    Visual  ComparUen  I^nsltawter  -  Field  of  View 

These  two  flelda  are  coaper^  vl-ually       to  t'^J**'*^^ 
adIuitMnt  18  made  until  the  Inteneltlea  appear  equal.    ^«  ^jj""^"' 
SSiS  oHlvel  la  calibrated  and  »arlu«l  In  danalty  unite,  and  density 
reedlnga  are  taken  directly  fr»  It. 

Inatrunent  is  uaea  over  »  r  ^ *  M««iwant»aea    visual  comparison 

r^ts.    Nevertheless,  In  spite  of  the 

^™^denelt;o«eter9  serve  a  valuable  purpose.  eapecUUy  when  photo 
electric  denaltooetera  are  not  available. 

PHOTOELECTRIC  DEJISIT(»IETERS .  /^otoelectrlc  de^lt«ter^«^ 
na«d  because  they  ^Pjoj^-^Pj-,'-^-^^^^^^^ 

^•r»lne  the  Intensity  of  Jj!^'  ^^^^"Jy^.    to  uel  a  d«i.l|to«eter 

^Jce  lnt«isUy  and  to  the  aging  characteristics  of  photoelectric  cells 

and  Mters. 

Comon  OensltoaieterB 

MACBETH  QUANTAUIC  DEIISlT»ffiTER.  MODKL  TD-IOO.     The  TD-lOO  Is  a 
tran^JJon  SZltosieter  designed  to  «ia«.re  deneltle.  of  W-f  «d 
^uriiwlaironly.    It  can  be  used  In  the  * 
J^ilraphlc  areas  where  preclsj.  «ea.ur«.ent  of  tha  dlffuee 

\ll;JZ'i^n  Sn^Uy  of  -aterlals.ls  :^':'trLd 
oreduet  mlUf*    It  perwlte  the  operator  to  •^^•/■P"L**'^r^  ™ 
r^ueSle  Me«.r«ent.  vlth  a  «lni«ffl  of  treiftiag.         '^^f  See 
USTll^Si  a«d  eveSIy  ep^r-d  gr«I«atlons  «liitel.e  perai«  «o«.  See 
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(J)    Smwl  Itnmr 


(ft)    ObU^Um  MMitrtfl 


Figure  '>-6.     Modt-l   ID-lOO  DcnfiJ  tonieter 

Because  -  f  the  Inuv.  warmup  an.l  Mtubf  I  Iratlon  period  required,  It  i« 
advisable  to  leave  this  .iMchlne   '('N"  at  .«U  tinjos.    The  pover  supply  i« 
self-regulating,  thereloi.-,  M   in  nut  Hfi.'cti^a  by  .lonaal  line  voltage 
variations.     However,   l.itif  v<,IUik'    varl.it  lon»  «lo  <iffect  the  atttMlity  ol 
the  energy  radiated  by  the  opilcMl  MVHti'm't!  light  source.    Thefl^orc,  a 
vpltage  atahlUzer  mu^t  ho.  nm-d      ihhi  !n»ittiiiarnt  raay  be  ueed  In  roo« 
light  or  In  a  darkroom.     Sin- «•  thv  ..«•!<>!    ;c«l«-  in  not  iUuoinated,  »o«e 
form  of  Hiiunlnatfon  is  requirt'd  wlu  n  rr«.!.nK  t  hf   icale  under  darkrooa 
conditions. 

MACBE-H!  QUANTAUX;  DENSITOKiaKK ,  MODI  !.  TU  102.     The  TD-102  le  • 
transBiaaion  den8Uon»et»-r  capnbh'  •>!  i.icaMurlng  densltlee  of  both  black- 
and-white  and  color  mau-rlats.     Jliin  1m  the  malor  practical  difference 
between  it  and  the  TD-IOO.  •  It  tian  «d  juatwentfl  for  fine  calibretiMi  for 
precise  color  work  but  is  operated  buHlciUy  the  Hone  at  the  TO-100, 
The  preceding  paragraph  conc(«rnlnK  the  wiirmup  period,  voltage  requlre- 
o^nts  and  iUuralnatlon  .-f  th.-  Tl)  !(>0  aJut.  apply  to  the  TO-102.^  See 
figure  5-7. 
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(I)  l«^»r 


Figure  b-7.    Model  TD-102  Rensltoaeter 

A  «l»liar  instnuninr  is  the  Model  TD-203  which  ia  almoet  l<l«itlcal 
the  ^lir    Te  Z^or  difference  Is  In  the  color  filters  l»«tall«d 
J    iirh  WriiBent     tL  rD-201  hu«  different  color  filters  than  .the  TD- 
ihoTe  JmeJ;  are  uLd  whan  measuring  dansltiaa  of  color  -terials. 

Operating  Procedures 

The  operating  procedures  for  the  TD-lOO  and  the  TD-102  are  very 
al-ll Twhen  leasurlng  black  and  white  densities.    Before  using  the 
J^102    be  su^that  the  y.llow  trim  knob  on  the  front  of       jachine  is 
Triha'hottoB  position.    Tl,e  controls  for  the  densltooeters  atid  their 
JC«Uo^""  ZcJlbed  below.    The  instru^nts  should  be  operated  in 
the  sequence  presented:  / 

ZERO  ADJUST^ThlM  rontrol  prufornH  .1  dual  purpose.     It  is  a 
coiBbinad  po%wr  ON-OFF  nwltch  and  7.ER0  ADJUST  control. 

1     Rotating  thin  Mwltth  dockwlsf  Hupplics  AC  power  to  the 
tnetruLt  aftir  it  haH  been  plugged  Into  a  suitable  po«r  line  who.e 
voltegtt  ie  etablllMd  with  a  voltage  regulator. 
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th.  d.pr...»t  P«.ltUm.    Hot.  '^f'        ~JJij*;;;nr«wU  «"  «" 
..ttlng. 

^    CALMHATIOII  -  Th.  c.Ubt.tlon  control  ^  '^^J'.'f^^^J^'V^ 

,„i««  to  r..d  a  .jecjuc  r,-^^^^^^^^  ^^t«l  -Tollo^. 

instrument  was  calibrated  at  cne  sacwij* 

the  photonMltlpllet  housing. 

2.    Depress  the  snout  lever. 

3     Adjust  the  calibration  control  until  the  -attr  read.  th. 
denelty  indliated  on  the  tag  adjacent  to  this  control. 

4.  Remove  the  Internal       J^^^^^f  "[^^fo™^  Snary^JSl 
bean  by  «»vlng  the  calibration  reference  control  fonmrd  until  y 

It  "click  out."  - 

5.  Recheck  year  «rn  adjust  control  and  c.ybr.tlo«  control 
settings  by  repeating  Htepe  prevlouBly  .le.crlbed. 

DENSITY  MEASUREMENTS.    Wl.rn  ..,lnR  -hi.  ln.tru»ent  to  »k.  den.lty 
«..ure«ents  follow  the«  operating  Instructions. 

1.  PluR  thr  voltage  regulator  Into  ..  wall  r.c«pt.cl.. 

2.  Plug  tt>-  denHltoi«eter  into  the  voltage  regulator. 

3  Turn  tl,.  .er-  .-IJuH.  cctrol  .  lo.kwl.e  to  turn  power  on.  (Th. 
circular  stage  -Ul f usrr  In  Ulunluatod. ) 

4  Allow  at  least  JO  nlnu?!fs  for  war«.p.    (As  «t.t«l  b.for..  It 
is  best'to  leave  tl.i»  nvichlm-  "ON"  alway-.) 

5  with  no  sanpU-  over  the  aperture,  depre,.  the  snout  lev.r  .nd 
«ve  the  ,ero  adiust  control  until  the  «ter  read.  ^ero. 

6  Push  the  calibration  reference  control 

snout  lever     set  the  calibration  control  tor  a  -et.r  r.««lng  corr..- 
to  the  density  indicated  ler  thl,  control. 

7.    nick  the  calibration  reference  control  towrd,  your..lf  out 

of  the  optical  path. 


70 
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8.  R.cll«ck  the  meter  fdlnge.  obt-l«ed  In  5  *nd  6  .bov«  .nd^rt.«t 
th»  co«tfol«,  if  n«c«BBary. 

9.  Tim  lwtn»nt  U  no-  tmady  for  um.    Procoed  to  Mk«  MMure- 
mmkf  of  th«  donoltles  of  the  •«^Ies. 

1USADI8G  THE.STRIP.    After  the  densltoiaeter  U 
controletrlp  ov«  the  clrcuUr-et.ge  d  Iff  user  aiid  position  th«  Uth 

(i«  rn-.t.p  .trip)  over  the  one  millimeter  ^^^^^-l*: 
(the  llth  step  will  be  nu«rked  with  a  ^nall  notch  to  on.  •"••>^^P"" 
[JS  enoSt  l^Sr.  read  and  record  the  oea.«re»ent.    Meaimre.  re^  •«? 
recoIHhe  dwelty  for  each  step  in  the  same  Banner.    8e  sure  that  the 
n^l.  on  tSrieter  «cale  covers  it.  reflection  In  order  to  avoid 
parallax  errors. 

CONSTRUCTION  AND  ANALYSIS  OF  f^llNSITOMETRIC  CURVES 

Once  seneitometric  data  in  obtained  through  the  use  of  Jhc  densl- 
to«et«    the  data  must  be  analyted.    The  method  used  for  analysing  this 

u'to  plot  a  senalto«etrlc  curve.    This  curve  "^11"?"-?"^ J" 
Jwhlc  JorS  the  sensitometrlc  capabilities  of  the  particular  Ula/de- 
vtloper /development  used  in  the  teat. 

The  principles  of  plotting  Rrapha  are  the  J**^/***!?!?"  '^^^ 
type  of  graph  plotted.    One  begins  with  a  aet  of  data.  The*e 
obtained  by  making  measurements  on  «  proceaa  or  experiment  to  determine 
tSi  JefatlonsMp  Sotween  two  quantities.    An  example  is  exposure  and  the 
densities  produced. 

Normally  one  quantity  Is  changed  to  f  ind  what 
Dfoduce  in  the  second  quantity.    The  firnt  quantity  is  called  the  lndc> 
variable  and  the  second  Is  the  "dependent"  varUble.    In  sensl- 
l^^l    exposure    s  .the  Indepcndsnt  variable  and  the  densltv  produced 
iHSe  ie^eSSent  variable.    THe  independent 

iloig  the  horizontal  axla  while  the  dependent  variable  is  Plo««»  J^^?* 
JwrSertical  axis.    The  value  assigned  each  block  or  line  on  the  graph 
^iouH  Ji^icJ  lhat  the  value,  are  easy  to  plot  and  read,         «-ch  that 
ioSt  of  the  paper  is  u,ed.    On  sensitometrlc  curves  always  use  0.40 
^^Its  (eith.?  density  or  exposure)  to  the  inch.     In  this  course  20  X  20 
;S  the  iicS  griph  pajer  wiU  be  uaed  so  each  small  square  will  equal 
0,02  density  units  or  log  E  units. 

Parts  of  a  Characterlntlr  Curve 

FUure  5-8  lUustr.itea  a  graph  of  a  hypothetical  curve  with  all  of 
the  essential  partn  identified.    The  graph  itself  provides  two  axes  so 
tSlt  Senri  y  vs  relative  log  E  plots  can  be  located,    "me  horizontal 

/ribscissa.  is  the  log  E  axis.    T.,e  vertical  -J^^  -  "/J^"' 
U  the  dwislty  axis.    The  graph  should  be  long  enough  to  pemit  an 
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Figure  5-8.    ChHracterietlc  Curve 

exposure  range  equal  to,  or  greater  than,  t\^  range  of  sxpesitrcs  pro- 
duced by  the  sensitooeter  and  should  be  deep^nough  to  accoaodate  a 
c(»M»lete  range  of  densities.    The  lower  portion,  or  toe  of  eh«  cunrs  is 
the  region  of  increasing  Rradlent  where  Increases  in  density  are  grsatsr 
than  proportional  to  their  corresponding  exposure  incraasM.  The. 
straight-line  portion  is  the  region  of  constant  gradient  whara  dansity 
Increases,  di^e  proportional  to  their  corresponding  exposure  inttMses. 
The  upper  portion,  or  shoulder.  Is  the  region  of  decreasing  gradimt 
where  density  increases  are  less  than  proportional  to  their  eorreaf^nd- 
Ing  increases  in  exposure.    Finally,  if  the  expoaure  continues  to 
Increase,  the  density  values  will  decrease  even  nore,  and  we  have  Che 
region  of  reversal.     In  practice,  most  exposures  will  fall  on  the  toe 
and  straight-line  gradients.    Seldom  will  there  be  on  exposure  that 
produces  densities  up  on  the  shoulder  and  probably  never  in  the  reversal 
region.    It  takes  extremely  long  exposures  to  produce  the  reversel 
effect.  / 

J    TOE.    The  toe  is  flat  at  its  extreme  end,  representing  the 
pli|s-fog  density  of  the  emulsion.    The  length  of  this  flat  portion  of 
thf  toe  is  affected  by  the  amount  of  overall  exposure  the  film  has 
re»^eived.    If  the  exposure  is  low,  the  flat  portion  of  the  toe  will  be 
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Figure  5-9.    A-B.    The  Effect  of  Exposure  Changes 
on  A  Character UCic  Curve 

C-D.    The  Effect  of  Developront  Changes  on  a 
Characearlatlc  curve 

iongi-r  and  the  strdlght-Une  portion  will  be  moved  to  the  right,  figure 
5-9A.    On  the  other  hand,  increasing  the  exposure  will  shorten  the  flat 
portion  of  ths  too  and  aove  the  straighc-llne  portion  to  the  left  figure 
S-9B. 

Where  the  toe  is  flat,  the  silver  halldes  have  not  been  exposed, 
long  enough  to  render  thea  developable  under  the  developing  conditions 
used.    A  Bore  energetic  developer  or  increased  developing  tine  wlH^ 
shorten  the  fla    part  of  the  toe.    However,  it  wUl  also  stf^en  the 
•trsJgbt-line  grsdUnt  and  will  not  appreciabljL  change  the  Mtreae  end 
of  the  toe,  sea  figure  5-9C.    Shortening  developoent  In  an  nttopt  to 
coBpOTSsre  for  overexposure  wmy  produce  a  toe  tet  vlll  also  produce  a 
flsccsr  curve,  see  figure  9D. 
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extended  to  Intersect  'I'^'^'^-J^^n'  L  Xii   «  «•» 
,„tl«Uy  to  the  "JV"  "„r?   The  mertU  point  en  1» 

of  lot«rifcctlon  lo  called  the    iii«r.ti»  P' 
used  to  e«t»bll»h  «n  enulalon  speea. 

TH«ESHaU..    The  threshold  1.  the  polnt  ^^^"^Xt'  ^^o^ 
where  the  *".lty  flr.t  co«»  P^^'J'^J-.^         X  1»"'^»"  "  ' 
eerver.  ««  ex.ctl,  -'ii^'"^  'ed««  for  c.lc.l.tin«  111- 

'sre^s"  f  rp^Inc'^t-nsn/l::  J-,  .o.      .  b.el.  for  «..-r^t. 

chente.  In  log  E  P"-""  7„/i""lT!i  norSl,  «.po..d  .«d 


curve. 


.o-ewh.t  convex.    The  d-n.l.y  change.    -P7™'^,J.„,„g        «,t  ..  - 
correBpondlng  log  E  ^^angeB.    Density  1  •    t  „„i„„,  „  l«r«i" 

tepidly  .s  it  is  '"/"e  Htra  g ht  .^e  expoeur.  continue, 

until  mexlmiB  density  iO  ',' "„*V:„ ffect  U  produced.  Hoot 

increase  beyond  this  point,         r..ver«)  ^f'^-^^^^  "j^^.u  j,  lo.t 
M-era  exposures  avoid  the  "„":h  to  .lie-  the  vl««r 

because  the  density  <'*f '  """"""/"^^S'lris  MoJwed  up  highlights, 
to  distinguish  botwccn  ihem,   md  i  he  re«uU  » 


Plotting  the  Curvt 


^e.e  .r.  U..e  ...n.        U^.Un.  and  ^^^^^  .^.T 
a.e  denBltv  versus       ^  '^^^  7.  lie  of  u.e,  .o.r  graph,  .re 

^  ......  k  ...o.. 

PENSin  VERSUS  l.o<.  K,     l-oUov  t^.,.  H.op.  in  plotting  . 

density  vernufl  r.-lHllv.-  Lor  Y  c.tv^s: 

. H»  dfnHlty  nnd  mark  e«ch  h.lf  inch  .8 
1.  ;r..rs  fhe  h«He  line  and  increase 

0.20,  0,^0,  O.bO.  ftc.     .-tflit  with 


upward . 


,     «4a  will  hi.  l  ibeled  according  to  the  method  of 
""s  t^ii  reulfve  mg  E  (density  v.  relative 

Ce)"?  "re  hori^ntui  'X  v«>  b.  labeled  relative  log  E. 

s.  .rt  one  and  a  half  Inches  <tom  the  left  .ide  of  the 
,    .r.ph  p.pe:  a«."ub:;:..e  Horucnt,..  b,.-  Une  In  l„cr.«nt.  of  0^^0 
^  ^     '  ^  ,    ^       .^#i«ff  with  zpfo.  ^"v^^  m 


units  per  half  inch  .t..rtinR  with  .ere. 
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b.       Mark  ot  i    .'I   .steps  In  .-von   i  lu  r  .rot-ntH  of  O.lS  starting 
from  zvii'.     (Set-  i  Ir.  ''-'f^i 

5      t  ^o  a  fairly  hard  p.-m  1 1    f-'.M  t  '  pr .-t .  rri'd)  to  nuike  small  dots 

»,herf  n  -rlzontal  values  oi   tht-  r.  c  u.  acd  densities  Interncct  the  Zl 

virtual  points  of  th.  relative  log  F  axis,  niough  these  dots  have  been 
precitielv  placed,  you  rt-allze  that   they  are  prohablv  somewhat  Incorrect. 

M       n,f  next   Htt-p  is  U>  connec  t   ih.  8.-  n  dots  with  a  smooth  curve, 
n»la  curve  or  line  Ih  mure  than  luHt  •'cunner ting  the  points;     It  must 
represent  your  bent  eHtlmate  of  where  .11  other  similar  sets  of  data 
would  have  plotted  had  nu.re  been  ..vaUable,     Kven  though  there  are  only 
21  polntH.  try  to  imagine  how  thouHands  of  other  intermediate  points 
would  have  been  placed.     Thin  is  difficult  to  do  since  even  the  21 
points  available  may  ncri  be  absolutely  right. 

COMPUnNt;  AHSUUJTK  UK;  I..     At    tlmi-H  U  may  be  uccesBary  to  compute 
absolute  log  K.     compute  the  absolute  lug  H  value  which  corresponds  to 
i«ro  relative  log  V.  In  the  following  mrtuncr : 

1.  Oetermlia.  1 1»    lumlnuun  incennlty  uf  the  HenaUgmfter  In  meter 
candles  and  <onvert  to  a  logarithm. 

2.  lu-termitie  the  exponur,-  time  of   che  sensltometer  and  convert  to 
a  logarithm. 

i.    Add  thfeye  twi»  logArlrhmN  tu  Mnd  the  logarithm  of  expcnure 
httfore  attenua-tion^ 
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k.    Subtract  the  density  of  aJl  ne^ttral  detialty  filt«r»  and  atl 
uators  that  ware  Inserted  In  the  light  path  froa  the  above  log  of 
exposure.    This  Is  the  unmodulated  log  of  exposure. 

5.    Subtract  the  density  of  the  densest  end  of  t\m  step  wadfe  froa 
the  above  value.    This  is  the  log  E  value  of  the  eercg relative  log  E 
point.    Mark  this  value  on  the  graph  at  the  eero  relative  log  B  point, 
see  figure  5-10. 

DENSITY  VERSUS  DENSITY.    The  major  difference  betveen  the  density 
versus  relative  log  E  and  the  density  versus  density  curves  la  In  label- 
ing the  graph.    A  bit  of  arithmetic  is  alno  required  on  the  dcMlty 
versus  density  curve.    Label  the  vertical  axis  "Density  of  the  Dupe." 
Label  the  horizontal  axis  "Density  of  the  Original."    J^r1t  the  density 
steps  on  the  vertical  axln  the  sawe  as  for  .the  density  vetsus  relative 
log  E  graph. 

Mark  off  the  horl?.ontal  axis  In  Increments  of  0,20  units  starting 
with  3.00,  one  and  one-h.«lf  Inches  from  the  left  side  of  the  graph. 
Count  do%m  to  0.0.    Starting  at  0.0  and  Bovlng  to  the  left,  place  the 
density  of  each  step  of  the  modulator  at  the  point  corresponding  to  Its 
density.    As  an  cxaraple:     if  the  first  step  on  the  laodulator  Is  lat«le<* 
0.05,  place  a  small  mark  at  the  0.05  point  to  the  left  of  the  O.O  nark. 
Continue  marking  each  step  of  the  modulator  at  its  corresponding  point. 
The  density  measurements  from  the  scnsltometrlc  strip  will  now  be 
plotted  above  each  of  these  points. 

DENSITY  VERSUr.  ABSOLUTE  LOG  E.     In  a  density  versus  absolute  log  E 
curve,  the  vertical  axis  Is  labeled  just  as  it  Is  in  a  density  versus 
relative  log  E  curve.     To  label  the  liorlzontal  axis,  begin  at  the 
extreme  right  edge  of  the  graph  with  0.0.     UHlnp.  Increments  of  0.20, 
label  each  half  Inch  uj,  to  4.00,  moving  from  right  to  left."   (All  of  the 
numbers  may  not  fit  on  the  graph.     Ttils  is  normal.)     Then  subtract  the 
smallest  density  ot   thi-  modulator  from  4.00  and  mark  the  difference  at  , 
Its  corresponding  point.     (4.00  is  nsed  Mince  It  Is  considered  aaxlfflum 
density.)     Sabtract  earh  stt-p  of  thi-  modulator  from  4J00  and  plot  each 
difference  at  Ita  pruper  point,     nn..nv,  labt-^l  the  horizontal  axis  as 
absolute  log  E. 

Most  related  mimbiTM , *when  plotted,  give  smooth,  regwlar  lines. 
This  is  a  qr^.temi-nt  nf    Jalth.  borne  out  of  exhaustive  tests  in  a  multi- 
tude of  scientiilc    llt  lilH.     "Smooth,  regular  lines"  mrnns  straight 
lines,  ascending  or  deH.  c-nding  curven  bpcoming  gradually  steeper  or  less 
steep.    Sharp  breaks  and  abrupt  chaugeM  In  d irectlon  are  an  indication 
of  probable  error  and  Miiould  he  rheckeU. 

If  a  .smooth  curve  is  not  evident  when  the  points  are  plotted;  (1) 
the  data  are  actually  unrelated,  (2)  tjiere  are  serious  errors  In  the 
data,  (3)  one  or  mori;  points  Is  Incorrectly  plotted.    Always  double 
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check  to  insure  that  the  Utter  la  not  the  case.    If  the  « J"'  ^"JJ^^**"* 
U  pre.«»t.  there  la  no  aenae  In  drawing  the  line,  and  in  the  aecond 
cofldltion.  dw  the  beat  poaslbU  curve  or  obtain  »ore  and/or  better 
d«t«. 

During  the  connection  of  the  dots.  If  some  of  the  P^^^^^^^^^^'.f" 
a  «MK>th  curve,  try  to  average  out  the  points,  so  that  smiie  of  the.  Sail 
;„^h  .Se  of  the  line.    NEVBR  draw  a  line  so  that  all  of  the  point, 
along  one  portion  of  the  curve  fall  to  one  side  of  the  line  and  at 
anS^herjlace  they  all  fall  on  the  other  side.    If  they  do.  the  line  is 
drawn  Inproperly. 

When  drawing  sensliomecrlc  curves,  draw  the  straight  line  PO^Jo" 
first.    Place  the  straight  edge  along  the  series  of  P«^"'«  '^5^ 
so  the  aaxlnun  number  of  points  will  fall  along  the  straight  edge.  Make 
■ure  that  all  of  the  points  along  the  toe.  or  left  hand  portion  of  the 
curve  fall  to  the  left  of  the  straight  edge  and  those  along  the  shoulder 
or  right  hand  portion  fall  to  the  right.    Once  the  straight  edge  is 
aligned  properly,  draw  a  thin  line  through  all  points  f alUng^long  the 
ttrJ^St  edge.    Next,  take  an  irregular  curve  and  fit  It  to  the  points 
along  the  toe  of  the  curve.    Try  various  sections  of  the  curve  until  the 
beet  fit  is  found;  then  draw  through  those  points  which  fit.  ~ve,the 
curve  to  fit  some  more  points  and  draw  through  them.    A  smooth  blend  ot 
tSriines  is  the  desired  result.    Repeat  for  the  shoulder  portion  of  the 
curve . - 

Deterralnlng  Ganina 

Cama  (    )  !«  a  useful  neasure  of  the  degree  of  developaient  ami  as 
.uch  is  a  valuable  tool.    Caima  is  determined  after  the  curve  Is  drawn 
and  the  curve  is  labeled  with  its  gamsia. 

GRAPHIC  METHOD  OF  DETERMINING  GAMMA.    When  drawing  the  straight 
line  portion  of  the  curve,  extend  the  line  down  to  the  horizontal  axla. 
I^on  this  point  count  t<,  the  right  50  squares  (1.00  log  units,  end 
,«teiul  this  point  upward  until  it  intersects  the  straight  line.  Read 
..he  density  of  this  point  from  the  density  axis.    This- is  the  ganffla 
value. 

r.A>«A  METER  METHOD.  Another  way  to  determine  gamma  is  to  use  a 
aama  meter.  This  Is  a  piece  of  film  with  vertical  scales  on  it.  To 
,1ae  the  gamma  meter,  extend  the  straight  line  portion  J^/'J^*^.  ^ 
rtect«  the  horUontal  axis.  Place  the  reierence  point  of  the  gamma  meter 
at  this  intersection  and  place  the  horizontal  line  of  the  meter  oyer  the 
horizontal  axis.  Camm.*  can  be  read  directly  where  the  straight  line  now 
Intersects  one  of  the  vertical  scales.    See  figure  5-11. 
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FiRure  ^-11.    A  C^wrna  Meter 

SIGNIFICANCE  OF  GAMMA,  In-  I^^^^^ 

,n  development.         -^-^r/'^^rTe  cfo  re.«U.  in  tnct-"- 

tlaie,  temperature,  agitation,  o'^  °«      fLtors  results  In  decrM»«J 
ga«a;,  and  a  decrease  in  "Jp^^uce  high  R»i  if  th. 

^a-oa.  .  A  '.repieS  up     Moreover,  the  t-vr.e  i- 

tlae.  teoperature,  can  be  «ade  to  produce  low  saw  If  the 

true.    A  high  energy  developer  can  be  «aae  v 
other  factors  are  held  back. 

^««.<»bi>r  that  Rai«a  relate*  only  to  develop- 
.  It  is  laporta^t  to  ^**^^^^^i^'i/„«gative  developed  to  •  pre- 
«ent-not  to  exposure.    A        ^J^^^^^^^Jegardless  of  the  enpo.ure. 

r^^ti^n:  rit^rr^n::  r^^h^r  esp^nd  to  str-ight-iin.  d.«.iti.. 
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..Ill  kMUA  the  aitmi  denaitv  dlffcreoceft.  Of 
c«JS.J>oiiainBly  <ltff«re«  position,  on  .  nr.ph. 

vTobtrint..  even  though  the  developing  tl«  -y  M«  b«« 


short. 


.    r.«-a  is  one  of  t..e  «osr  <-Ports„t  cool.  «f  J^"^J^~",Sj;;»,r' 
trol.    Negative,  developed  to  the  •'"^^•.^"J.^^ri^'tS.t  proc.lng 
parable  tone  reproduction,    n  It  "  ^^^h  the  material  being 

btS  irrHrr:;ur=.;rtrei:;  T.Tnii  .t  th. or 

a  roll  of  film. 
QUESTIONS 

M  KOT  VmjJ  M  mi^:  SW.  USE  A  SEPARATE  SHEET  OF  P^' 

1.  What  IB  a  Robd  working  definition  of  sensitometry? 

2.  Name  the  two  classes  of  Hensltometcrfi. 

3.  Describe  the  ASA  tray  «eLhod  of  processing. 

A.    What  Is  the  relationship  between  transnisslon  and  opacity? 
Between  density  and  opacity? 

\.    What  are  some-  disadvantages  in  the  visual  coaparison 
denaitotaeter? 

6.  What  are  Home  disadvantages  to  photoelectric  deKslto«eters? 

7.  What  values  are  normally  plotted  on  the  vertical  axis  (or- 
dinate) of  the  characteristic  curve? 

8.  List  the  partH  of  a  characteristic  curve. 

9.  How  is  absolute  log  E  detenained? 

10.    What  are  the  two  methods  of  deteraining  garaaa? 

•"U.    Name  the  parts  of  a  characteristic  curye. 


SW  CiABmi330  001-II-3 
29 


\ 


12. \  If  the  exposure  Is  lov,  utot  will  tieppea  to  the  flet  too 
portion  wt4  the  etralght-llife  portion  of  the  eheractcrletic  esMf 


EXERCISES 

Exercise  1 

KJUIPMENT 


Besis  of  Issue 


Sensltaseter  1/class 

Processing  Facilities  1/class 

Neutral  Density  Filters  I  set/class 

Photographic  Film'  As  needed  ■ 

PROCEDURE 

1.  Prepare  the  senaltoaieter  bxA  expose  three  sensitomtrlc  strips 
on  the  film.    Your  Instructor  will  provide  the  necessary  exfMSiirs  date. 

2.  Develop  the  stripe  in  the  developer  aixed  earlier  in  the  block 
at  varying  time  Incr^ents.    (I.e.,  3,  6«  9  rainutes.)    Follow  the 
processing  nethods  outlined  In  the  SW  describing  the  ASA  tray  Mthod. 

3.  Fix,  wash  and  dry  all  strlpn. 

k.    Repeat  the  above  steps  using  a  dilution  of  1:1  with  the 
developer.    Label  all  strips. 

3.    Fix.  wash,  dry  and  label  all  strips.    Clean  the  processing 
area  and  return  any  equipment  to  Its  proper  storage  place. 


Exercise  2 

EQUIPMENT  Basis  of  Issue 

Densitometer      •  1/2  students 

Paper  and  Pencil  As  needed 

PROCEDURE 

1;    Follow  the  procedures  outlined  in  the  SW  text,  standardise  the 
densitometer- 

2.  Rcud  Che  densities  froa  each  step  on  the  test  strips  and 
record  the  readings.  Read  the  density  of  each  step  at  two  or  oors 
different  places  und  average  the  results. 
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Exftrcise  3 
Gr«^  Pup*'  ^ 

raocemmE  \^ 

1.  Prepare  the  graph  paper  for  ^ JensLty  versus  relative  log  E 
curve  following  the  procedurea  explained  In  the  SW. 

2.  Plot  the  densities  produced  for  each  of  the  21  steps  on  on. 
strip  aiid  draw  the  curve. 

3.  Plot  the  densities  oC  the  two  other  strips  processed  in  the 
SSM  developer  dilution  on  the  sane  graph. 

4     Plot  the  densities  of  the  three  strips  developed  in  the  other 
developer  dilution  on  another  sheet  of  graph  paper. 

5.  Determine  gaoaaa  for  each  curve.  f^^V 

6.  m  the  top  left  of  each  graph,  enter  all  pertinent  informa- 
tion.   This  includes: 

a.  Fllw  type. 

b.  Process  used  (i^e.,  ASA  tray  method) . 

c.  Developer  type. 

d.  Developer  t«iperature. 

e.  Process  times  (or  speeds  If  oachlne  processed). 

f.  Hu«ber  of  racks  in  developer  (if  machine  processed). 

g.  Sensitoifteter  used. 

h.  Exposure  time. 

1.    Lor  E  before  modulation. 
J.    Any  ND  filter  used, 
k.    Date  of  test. 
1,    Your  name. 

7.    The  instructor  will  check  the  graphs  for  neatness,  accuracy, 
«fid  coR^leteness. 
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CONTIIRiaiS  FROCESSC»  OFBUtXOtI 

OIUBCTIVES 

Identify  the  basic  operating  princ^lea  of  contisM9ua  proceaaora. 

Identify  ai^  locate  the  major  ccmponenta^  ayatoia  and  controls  o£ 
a  Versamat  IIC^W  processor. 

Provide  a  Versamat  processor,  setup  ami  systess,  clean  the  processor 
while  observing  all  safety  precautions. 

Using  specified  packaged  chemicals*  mix  ai»i  certify  the  choiical 
solutlcms.    Kixed  solutions  wist  seet  local  certification  standards. 

Usir^  a  Versaaat  processor  and  operating  checklists,  startup  ami 
shutdown  the  processor  lAW  the  ch^klists. 

Provided  a  Versasaat  processor,  certify  the  processor  oechanicallyt 
chaaicallyt  and  sensitooetrically.    The  processor  wUl  be  certified  to 
aieet  local  certif icatlcm  standards. 

Explain  the  need  for  a  quality  assurance  program  within  continuous 
ptuitoproc easing  laboratories. 

Using  a  preinspection  table  and  a  Versanae  processor ,  prelnspect 
and  process  exposed  aerial  film.  Processed  film  must  be  free  of  pro- 
cessing defects. 

urrRomJCTiON 

A  contimious  pho  Co  processing  laboratory  is  charged  with  the  re- 
sponsibility of  handling  valuable  property  each  tie^  a  roll  of  original 
film  enters  the  laboratory.    The  cost  of  a  roll  of  aerial  film  is  only 
minor  compared  to  the  value  placed  upon  it  after  the  mission  has  been 
flown  and  the  expo^rea  recorded* 

One  duty  of  a  Contimious  Ptwtoprocessing  Specialist  will  be  to 
process,  or  support  the  processing  of  aerial  reconnaissance  film. 
In  many  cases,  the  film  may  have  a  direct  bearing  on  lha  security  of  « 
the  United  States.    For  this  reason,  only  perMnnel  of  high  responsibility 
shou  d  be  selected  to  operate  continuous  film  processors. 
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The  basic  steps  of  developaent,  flxatloRi  irashlng*  and  dryii^  are 
similar  to  those  nned  in  processlt^  sheet  fila.    %niever»  in  ^procem- . 
ing  contimious  lengths  of  film  irtiere  each  exposure  imisC  receive  identi- 
cal treatment «  sc^  entirely  different  problems  are  introduced t  Every 
probletQ  imist  be  corrected,  mi  each  operation  must  be  performed  vith 
utmost  care  to  provide  the  deslr^  final  product. 

INFCWfATION 

BASIC  OPERATING  PRINCIPLES  OF  CONTIKUOUS  PRXESSORS 

The  history  of  using  machines  to  prcKzess  recomaissafKie  film  dates 
to  I9S2.    At  tltat  time,  the  Air  Force  first  used  contimious  processing 
m^hines  in  Korea  under  ccmbat  conditions*  ^This  machine*  kiio%m  m  the 
A-9  processing  maciKlne^  could  handle  film  9.5  inchea  (24.1  cm)  in  width  - 
in  lengths  up  to  1000  feet  (304,8  m).    Prior  to  195E,  all  continuous 
processing  machines  were  designed  for  narrow  films  such  as  16^  and 
33i3S.    Before  the  A"*9  Machine  c^^e  into  existence,  vt  ims  necessary 
for  the  processing  technician  to  use  a  rather  simple  hand  prcK:essor. 
This  havui  processor  did  not  allow  for  repeatability. 

SiiK:e  the  advent  of  the  A-9  until  about  1962,  very  little  progress  * 
was  made  in  tl^  design  of  new  proc^^ssorn.    However,  since  1962  rapid 
advances  in  continuous  processors  liave  been  made*   'Equipment  is  now 
quite  cump3  icated,  and  the  ter linic  f an*  muHt  be  cc^pli^tely  faisiliar  with 
all  systems  of  tho  particular  machine  he  Is  using  bcfure  tte  can  becofl»?- 
a  qualified  operator. 

The  basic  function   >f  a  processing  machine  is  to  transport  the  film 
through  the  various  sol  .^luns  and  to  permit  an  appropriate  treatment 
time  Cor  the  film  in  each  solution.     The  machine  must  fulfill  these  func- 
tions in  a  reproduc  ibli^  manner*  |p  ^ 


There  are  many  continuous  processing  machtnefi  currently  In  use  in 
the  Air  Force.    During  this  course,  it  would  be  impractical  to  try  to 
teach  the  operation  <?f  each  machine.    However^  it  wiU  be  helpful  to 
learn  tlu2  design  of  these  inachlnes.    These  operating  procedures  can  be 
adapted  to  any  processor. 

Film  Drivcj;  and  Transport  Syst«ns 

One  of  the  most  important  areas  of  machine  design  is  the  film 
drive  syytem.    The  fiLo  must  be  driven  through  the  solution  tanks  at 
a  constant  Bpeed .    The  operator  must  be  able  to  adjust  this  film  drive 
speed  as  the  situation  warrants.    Also,  the  speed  must  be  reproducible. 
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That  ia«  if  the  operator  chained  iriim  10  fu&t  {N<r  mlnu^ic  (i  mpo)  to 
20  fpa  (6.1  spa)  and  then  hack  to  10  fpn  (3  mpm),  the  liecond  10  fpin 
(3  spa)  aettlog  aust  produce  the  ame  speed  aa  the  first  10  ffm  (3  rapa). 

III  Che  fifild  of  concinuoua  proceaslng,  thB  Ideal  transfKirc  would 
be  a  ay  stem  which  oovea  the  film  through  the  raachlne  without  touching 
It  (the  thought  being  that  If  the  fiia  were  not  toin:hai  le  would  not  be 
damaged),  and  recently  a  oteana  of  liquid  bearing  transport  has  been  de<* 
vised  iriiicb  purfKnrts  to  do  just  that«    The  Ideal  drive  would  be  oi^  that 
wuld  move  tte  film  tlurough  tt^  process  at  a*rate  both  uniform  and  exact. 
That  Is,  om  that  could  be  set  with  accuracy  and  one  which  would  neither 
exert  strain  nor  permit  alack  in  the  film*    Most  drives  consist  of  a 
motor,  some  type  of  variable  tranmls^sion^  ^nd  a  drive  chain  which  pro- 
duces rotation  of  the  transport  rollers  through  a  system  of  clutches. 

The  type  of  transport  selected  Is  largely  dependent  upon  the  size 
of  the  film  to  be  processed  and  the  quality  of  the  product  requlr&I. 
Marrow  film  widths  are  generally  tran»ported  by  gan^s  of  rollers  while 
the  larger  widths  pass  over  single  rollers.    Moat  transport  rollers 
operata  by  friction  although  It  Is  possible  to  employ  sprocket  drives 
when  perforated  fili^  are  to  be  processed.    Some  rollers  are  flanged 
while  otters  depend  upon  allgiment  for  accurate  tracking.    Seme  rollers 
are  narrow  while  otheits  are  wide*    Some  are  of  small  circumference  while 
others  are  large.    Each  of  tl^Sf  variables  has  its  particular  effect  on 
the  systCT. 

Flanged  rollers  teiKl  to  ^Ide  the  film  in  the  desired  direction 
provided  other  factors  do  not  interfere.     If  misalignment  occurs  becaube 
of  worn  rollers,  shafts,  or  bearings,  th&  film  may  climb  the  flai^es. 
This  could  cau^  the  film  to  have  crimp^  or  fluted  edges,  or  longitudi- 
nal creasea,  or  even  to  run  off  the  roller  and  b^os^  broken.    The  wide 
rollers  depend  upon  tt^lr  width  to  permit  the  film  to  find  its  own  path 
without  the  danger  of  running  off.    This  permits  scxae  Literal  movement 
with  the  possibility  erf  sldewlde  strain  being  introduced  i'nto  the  film. 
If  considerable  misali^ment  exists,  one  edge  of  the  film  may  rise  up  off 
the  roller,  thus  increasing  the  danger  of  the  emulsion  becoming  damaged. 

KollerA  having  »aall  diameters  are  ec^nnomical  of  Hpace;  however, 
they  exert  more  bending  strain  than  do  rolU^rs  whose  diameters  are 
larger.    Owing  to  sixe  and  cost  requirements,  the  former  are  extensively 
used.    Also,  there  are  machli^es  which  have  rollers  of  more  than  one  size. 
The  technician  should  know  the  diameter  of  the  rollers  and  their  location 
in  his  machine  so  that  he  can  quickly  locate  troubles  Involving  them. 
For  instance,  a  repetlvely  {x:curring  abrasion  mark  might  be  caused  by 
BomB  foreign  material  imbedded  in  a  roller,  and  the  space  between  the 
marks  would  Indicate  the  diweter  of  the  offending  roller.  Knowing 
thfe  loii^tlon  of  rollers  of  that  diameter  would  limit  the  search. 
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Oae  tfpe  of  processing  tsschine  (Verssmat  Model  UCMtf)^  Mies  a 
uniqtM  flMiCbod  of  eransiiortli^  f lis  by  sems  of  closely  sfisci^  rollers, 
tlo  chremllng  of  the  processor  Is  meded.    Black-iand-vhlte  fUa  is  in- 
serted into  the  darkrmm  end  of  the  processor.    The  roller  traiM|Kirt 
accepts  tt^  f  llmt  manipulates  It  though  tl^  various  solutlcms  in  a 
zigzag  motion,  carries  it  through  the  dryer,  aid  deposits  it,  pro- 
cessed  ai^  drled«  at  the  takeup  station. 

The  roller  transport  provides  agitation  by  rmiving  tl»  re-  ^ 
action  byproducts  from  the  eraulsicm  as  fresh  solutlmi  is  belt^  applied. 
Racks  containing  the  rollers  are  arranged  In  a  vertical  path  with  ap- 
propriate crosTOver  rollers  to  carry  the  film  frora  one  roller  rack  to 
another     (figure  1-1). 
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Figure  1-1.  Processor  Sections 
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LBtSifSL  TYPE.   Homt  |^rmsM«li^  ^^hiilefi  ara  threaded  wlch  a  le^ar 
nldc^  aay  Im  a  thJ^k  opai|iia  acatata*  thm  q^afiia  Mtatace,  or  cleac  i» 
opafue  oQflar  »aterial«  and  la  aoM  Inatanceat  clear  film.    Tte  iiXm 
to  be  pracaaaMi  la  cl^n  apllcatf  to  thia  leader*    Tim  threading  pattern 
uMd  aoat  oftra  tilth  vide  f  11a  (oinsr  7<^  vide)  la  the  ^oirer-tii^er 
ayatem/*  Iforaally  when  thia  pattern  la  uaedt  the  esulalon  aide  of  the 
Clla  touchaa  only  the  hottoia  rollera  which  are  alleys  wet  with  the 
proceaali^  aolutlons*    (Refer  to  figure  1-2) «    Hoiiaver«  one  proceaaor 
nov  being  uaad  la. operated  with  the  flla  emilalon  down  which  meana 
the  asmlalon  aide  touchea  the  top  rollera  aid  the  base  aide  touches 
the  iKittOB  rollera. 


Figure  l-2.(Xrer-Utdar  Threading 

Another  threading  ayatest  la  the  "loop"  type*     In  thia  system,  the 
film  ia  threaded  In  a  loop  around  the  rollera  and  only  the  fil»  baae 
touchea  the  roller.     See  figure 

LEADERLESS  MACHINES,    These  iMchlnea  do  not  require  threading  with 
a  leader^  but  transport  the  filra  through  the  machine  hy  aiu^ther  fi^na* 
Thia  tranaport  ^thod  la  a  d(^ble  row  of  rollera  that  are  closely  apaced 
to  each  other,  and  to  the  opposing  tuw.    The  fiiia  is'  transported  between 
the  rows  of  rollers*  by  friction*  through  the  aachlne. 
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Figure  1-3.    Loop  Type  Threadli« 


Developing  and  Fixing  Systans 

Continuous  processing  machines  employ  three  major  types  of 
developing  and  fixing  systems. 

IMMERSION.    The  inaaerslon  system  of  processing  is  perhaps  the 
oldest  and  m*  st  widely  used  of  the  three  processii*  syateM.    I"  this 
system,  the  film,  carried  on  rollers,  travels  through  various  tarica 
containing  solutions.    Figure  1-4  shows  how  a  typical  tank  In  an 
ijMaers ion- type  processor  might  appear.     The  film  receives  agitation 
solely  by  passing  through  tlie  solution. 

SPRAY  SYSTOt*    The  spray  processor  consists  of  eapty  tanks 
through  which  LltJ'fllm  passes.    As  film  moves  through  the  tanks, 
solution  Is  sprayed  against  the  emulsion.     Spray  heads  are  often 
mounted  on  both  sides  of  the  film  so  that  spray  pressures  are 
;'qualized  and  film  will  not  be  pushed  to  one  aide.     See  figure 
1-5. 


S 
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Figure 

Schaaatic  of  a  Typical  iHsneraion 
Processing  Tank 


Figure 


SOLUTION  DRAIN 

1-5.    Scheaatlc  of  a  Typical  Spray  Processing  Tank 
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There  are  two  main  spray  processing  ronf Iguratlons.    One  sprays 
fresh  solution  which  Is  used  once  mni  then  drained  away.    The  other 
employs  a  sump  in  which  the  solutions  accumulate  to  be  pumped  throi^h 
the  spray  systafu  onto  the  film  and  back  to  the  si^p.     Both  syst^s 
are  in  coniaon  use.     Each  has  Its  advantages  ami  disadvantages.  When 
a  developer  solution  Is  exposed  to  air.  It  oxidlEes  rapidly.  During 
spray  .processing,  the  oxidization  process  Is  spewed  up,  since  the 
exposure  of  developer  to  air  Is  accelerated.    This  Is  why  snrae  systems 
use  the  developer' only  once,  after  which  it  is  dralnc?d.     In  systems 
where  the  solution  ts  used  again,  the  machine  is  equipped  with  a  re- 
plenishment system  to  offset  the  effects  of  oxidation.     In  either 
system,  it  helps  to  use  a  developer  formula  with  a  high  preservative 
content.    There  are  some  c  omplex  systesns  in  which  the  air  within  the 
machine  developing  tank  is  evacuated  ami  replaced  with  nitrogen  gas. 
♦Iltrcgen  gas  does  not  support  oxidation,  and  developer  used  In  a 
nitrogen  envirmraent  may  be  recovered  and  used  again  and  agnln. 

SPRAY  IMMERSION.     The  third  (fig  1^6),   Is  a  combln;Ulon  of  bot^ 
systems.     In  this  systcsn  tl^e  spray  bars  are  placed  In  the  full  developer 
tanks . 


HOLLERS 


Figure  l^b. 

Schematic  of  a  Typical  Spray  Immersion  Processing  lank 


There  are  advantages  and  disadvantages  to  ea:h  aajor  cheaical 
syst^.    The  spray  concept  gives  eisccllent  rapid  processing.  Ho^^f* 
adittsoent  oi  the  spray  fan  to  alnlpiw  streaking  la  critical.    In  the 
spray  proccaaoe,  *the  cahtoet  dp^a  say  h«  opeo^  mW«8  *"/**»»!5^ 
^aa  acceaslble  for  dealing.    Since  solutions  do  «»t  rmln  in  the 
cabinets,  there  is  no  drastic  build-up  of  cheaical  byproducts  in  the 
■achina.    Deposits  which  are  foroed  can  be  renoved  by  wiping  with  a 
'sponge.    In  an  l«ierslon  type  system,  the  operator  cannot  reach  the 
bottom  of  the  tanks  and  sust  rely  upon  che»lcal  cleaning  agents  to 
resove  chemical  deposits.    When  the  spray  raachiae  Is  used,  every 
V  oilllllter  of  solution  can  be  filtered  before  it  is  repimiped  into 
\  the  machine.    Developer,  however.  Is  OKidised  rapidly  and  requires 
a  larms  amount  of  replenishwnt .    The  rapid  exhaustion  of  the  devel- 
oper, and  consequent  high  rate  of  replenlshoent,  makes  the  spray 
-priicaasgcexpenslve  to  operate. 


Other  coUiderations  arc  the  man-hours  required  to  mix  this  re- 
plenisher,  andShe  storage  space  the  replenlsher  occupies.    Most  pro- 
cessors in  the  Air  Force  are  Immersion  machines  that  incorporate  the 
spray  principle.    In  these  machines,  solutica  is.  removed  from  the  chaa- 
tcal  tanks,  and  pumped  back  into  th^  same  tank  through  spray  tubes  that 
are.^nder  the  maximum  solution  level.    This  type  systaa  maintains  better 
agitation  than  the  standard  iimaerslon  machine;  and  the  developer  oxida- 
tion rate  la  relatively  low  since  the  developer  la  not  sprayed  into  air. 

♦ 

Recirculation  Systems 

ReclfTculatlon  systems  in  both  Imaerslon  and  spray  processors 
usually  perform  the  follow!^  functions?    (See  figure  1-7). 

1.    Provide  agitation  of  the  solutions  for  even  development  and 
fixation.-  * 

1,    Filter  solutions. 

3.  Control  taiperature  of  solutions. 

4.  Provide  a  logical  place  to  Introdi^e  replenlshers  Into  the 
maphlne. 

FILTRAT-ION.    Solutions  are  generally*  filtered  before -they  are 
reintroduced. Into  tte  machine.    Continuous  filtration  of  this  type,  at 
least  during  machine  operation,  Is  generally  regarded-as  preferable  to- 
batch  filtration.    This  filtration  Is  usually  accompliali^^hrough  the 
use  of  screen  or  cartridge  filters.    The  particle  size  passed  by  the 
filter  Is  of  prime  Importance.    Moat  Air  Force  processors  use  filters 
that  filter  out  all  particles  larger  than  10  microns.    Wash  water  must 
'^e  filtered  to  the  same  degree  as  the  chemical  solutions.  InstruB»nts 
used  on  the  solution  filter  system  should  Include  pressure  gauges  on  the 
Inlet  and  outlet  of  the  filter  to  Indicate  the  pressure  drop  across  the 
filter  system.    The  pressure  drop  will  signal  when  the  filters  are  be- 
coming clogged  and  lie ed  cleaning  or  replacing.  ^ 
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F^ure  1-7.  Typical  ReclrcuUtlon  Syit«m 


T^PERAIURE  CONIROL*    One  of  the  mast  critical  slements  of  the 
photographic  process  is  solution  temperature  control.  Te^verature 
must  be  controlled  for  consistent  and  reprcnlucible  results.    The  de- 
veloper is  the  most  critical  solution  and  should  be  held  within  f  1/4 
to  1/?'F  i^^l  to  0.25^C).    Otter  solution  twnperatures  are  less  crit- 
ical, but  should  be  controlled  to  within  2**F  (1«  !  **(:)  of  the  developer 
vteuperature. 

Most  recirculation  systems  contain  a  heat  exchanger.    The  heat 
exchanger  usually  incorporates  refrigeration  colls  and  el^trical 
heating  elements.     The  developer,  ami  fixer  solutions  are  pumped  through 
these  heat  exchangers  -  ^ach  '^through  a  different  exchanger  -  adjusted 
to  the  proper  temperatures,  and  reintroduced  into  the  processing  ma- 
chine.   A  temperature  sensing  probe,   located  within  the  processing  ' 
machine  tank,  monitors  solution  temperatures  and  transmits  this  In- 
formation to  the  solution  thermostats.     If  solution  temperature  is 
too  high,  the  refrigeration  cc«pressor  is  activated,  driving,  the  re- 
frlgerant  through  the  coils  within  the  heat  exchanger  and  thus  cooling 
the  .solution.    ^I£^  tte  solution  in  the  tank  is.  too  cold,  the  heaters 
located  in  the  heat  exchanger  are  activated;  thus  heating  the  sulution. 


SW  G3ABR23330  OOl-III-l, 


Tte  oparator  merely  sets  the  solution  theriaoatats  at  the  desired 
te^>«-scure  and  the  jnrocesslng  wlution  tOBl^ratuire  Is  witonatically 

REFLEMISIBIENT.    Replenlsher  la  generally  Introduced  to  exist ii^ 
BolufeiOTs  in  the  recirculaclsm  syst^    During  this  introduction,  it 
.is  Aixtti  vith  the  partially  exhausted  solutions  and,  therefore,  does 
not  enter  the  nachine  in  its  raw,  undiluted  state.    If  raw  replenlsher 
were  o^ed  directly  into  tin  solution  tanks,  uneven  development  and/or 
fixation  wi^uld  uccur  before  the  replenlsher  thorcmghly  mixed  with  the 
solutions  already  present.    The  rate  of  replenishnoit  is  controlled  by 
values  and  is  incorporate  within  the  systea  to  allow  the  operator  to 
monitor  aad  adjust  the  replenlsher  flow. 

Squeegees 

As  the  film  is  transported  from  tank  to  tank,  solutions  are 
carried  over  which  will  cause  contamination  oc  dilution.    A  sipieegee 
Is  used  to  remove  most  of  the  fluid  from  the  film  surfaces  to  minimize 
carry  over.    It  is  also  very  ii^rtant  to  revive  excess  water  frwi  tft 
film  before  it  enters  the  drying  cabinet.    There  are  two  general  types 
of  squeegees.    The  first  type  reiMwes  fluid  by  actual  contffi:t  with  the 
film.    Rubber  blades  or  rollers  are  aaployed  for  this  purpose.  This 
type  of  squeegee  has  the  disnlvantage  of  scratching  the  film  if  any 
forulgn  matter  Is  trapped  by  Ae  squeegee.    Hi#  SMu^ond  typCof  squeegee 
uses  cc»ipressed  gas  or  air  to  blow  off  excess  liquid.    jRie  ^thod  is 
considered  to  be  one  of  the  most  satisfactory  methods  available. 

Prying  Systems 

Tim  drying  of  film  Is  a  complex  operation.    So  that  iKiisture  nay 
be  remove  from  the  thickn^'  of  an  pulsion,  it  must  first  migrate 
to  the  mirface  and  then  evaporate  in  the  air.    The  rate  at  which  this 
cakes  place  depends  upon  the  tliickness  of  the  oailsion,  the  amount  of- 
hardening  la  received,  the  density  of  the  developed  Image,  the  tempera- 
ture, the  relative  humidity,  and  the  movement  of  the  ambient  air  reaching 
the  film. 

The  air  la  heated  to  expand  it,  to  lower  its  relative  humidity, 
and  to  accelerate  the  evaporation  of  moisture.    These  factors  are 
directly  proportional  to  the  temperature.    The  temperature  must  be 
held  within  certain  limits.    If  it  Is  too  low,  evaporation  is  slowed 
up;  and  If  It  is  too  high,  the  amilslon  swy  be  daaaged.    The  exact 
limits  are  governed  by  .the  kind  of  material  beli%  dried,  hw  it  *r88 
processed,  and  the  type  of  dryer  being  used. 
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The  OB  in  reason  why  the  air  should  be  kept  aovlng  I0  that  the  sir 
at  Che  suarCace  of  the  ««et  effiilsioa  soon  beccraes  saturated  and  irlll  luit 
take  up  additional  iroistare,    Tixe  saturated  air  oust  be  replaced  by  un- 
saturated air  if  dryii«  is  to  continue.    Of  course,  even  still  air  is 
in  constant  notion,  and  an  enulsion  will  dry  evaatually,  but  the  drying 
will  most  likely  be  uneven.    When  wans,  dry  air  ooves  slowly  across  a 
film,  the  film  tends  to  dry  oore  rapidly  at  the  edges  than  in  tlm  center. 
Thus,  any  considerable  chaise  in  the  drying  conditions  that  persists  for 
a  comparatively  loi^  period  of  tlae  will  leave  visible  lines  at  t\m  wet- 
dry  borders  at  the  time  of  change.    This  condition  is  apt  to  occur  in 
some  type  of  parallel-f lew  dryers. 

¥ 

PARALI^-FL(^..  Theee  dryers  utilize  a  series  of  reveree-betnl 
ducts  to  cot»iuct  war®  dry  air  across  the  f  lis  as  it  smrra  through 
the  drying  cabinet.    Figure  1-8,  shows  scheoatlcally  a  typical  ar- 
rangement. 

In  order  to  prevent  the  drying  marks  mentioned  above,  parallel- 
flov  dryers  should  be  operated  at  rather  high  velocities.    The  tem- 
perature should  not  be  excessive,  and  the  relative  hiBaidity  of  the 
air  should  not  be  too  low.    The  exact  conditions  must  be  adjusted 
to  the  climate  in  which  the  dryer  is  being  used.    Different  settings 
would  be  rftquired  for  coastal  areas  than,  for  example,  the  Arizona 
desert. 


Figure  1-8.    Parallel  Flow  Dryli*  Cabinet 


SW  G3AB123330  OOl-IlI-l 


IMPINB8WEMT,    Okie  of  the  most  cioi^on  i^thoda  Is  call^  Im- 
pingement drying.         this  methodt  Jets  of  air  are  applied  at  right 
a^Ies  to  tte  eamlaioA  aad  surfacaa  of  the  filA  slwltanemisly^ 

The  scta»tict  f igora         ^lom  ttui  relatlmi  of  the  film  m 
air  plMUBM  in  the  dryLi^  ccmpartment  of  a  contiouous  processor. 
The  air  is  heat^  to  dry*^lb  teaperatiires  ranging  hetireen  1(N)*F 
and  ISO'^F  (37.8^C  to  6S^C)  and  is  directed  agalnat  the  fllai  at 
velocities  of  froei  5000  to  6(NK)  ft/sin  (1524  ^  to  1830  npa). 
An  efficient  air  squeegee  must  be  used  siiure  surf^e  llcpild  re*- 
Rtalniiig  on  ttie  film  will  result  iii  nonunifona  drying*    As  ifith 
any  (Uher  ty^^  oi  dryer,  i\w  luiiuiltioii  of  temperature  ahd  velocl^ 
muHl:  be  adJuHied  in  tlu*  Itu-iil  t  Mmati.    Othertdse,  ttn*  film  will 
dry  mciri',  rnnltily       ll^^'  mi^i'H  wMii  f  he  usual  undesirable  effects* 

SiHiiu  ty|H'S  Ml   ilim  IimuI  io  Um  <ime  excessively  brittle  when 
dil^i!  rapidly  by  iIiIh  ttuftiioiL    TUin  In  due  to  reduced  relative 
hiimiftlity  rutlH^r  Miaii  uverciry inK- 


Fi^^uri-*  i-y.     IJuplntji'mtMit  Drying  Cabint-i 
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Safety 

Therft  are  ctaree  baalc  areas  of  safety:    Chraicol,  Electrical, 
and  Nechaaieal.    Wbea  dealing  with  any  photographic  mlution,  aamne 
that  it  wUl  be  harmful.    Also  always  tea  ember  AAA.    ALHAYS  ADD  ACID 
to  water.    When  working  with  any  equlpcKnt  that  requires  electricity 
tt^re  is  always  a  chance  of  electrical  8hcx:k.    Before  operating  any 
equipoent,  sake  sure  that  is  is  grotmded.    The  third  type  of  safety 
is  nechanicol.    Wten  using  machines,  laake  sure  to  keep  all  loose 
fitting  clothii^  amy  frcm  gears  and  chains.    SAFETY  IS  A  NEVER 
EIDIMB  JOB.    R«imber,  it  is  better  to  be  safe  than  sorry. 

Sliver  R^overy  Methcxis 

Photography y  raore  than  any  other  imjor  profession*  de{M?nds  on 
sliver-bearing  materials.    Films  and  papers  contain  varying  con- 
centrations of  s:.iver»  which  In  Its  purest  fona.  Is  valued  at  more 
than  $1«75  fier  tio|^  ounce.    Ibw^er^  the  diminishing  reserve  of  US 
, produced  silver  and  the  greater  depend em:y  on  foreign  silver  pro-  ^ 
ductlon  oakes  this  «etal  even  more  precious.    Perhaps  the  poorest 
example  of  con6e.*vation  has  be«i  the  silver  which  has  flowed  down 
the  drain  with  i4K»tographlc  fixers.    Iiu^lude  the  silver  in  discarded 
^'llras  and  papers*  special  batteries*  electronics*  missile  parts*  and 
other  silver '-bearing  scrap*  and  the  losses  are  magnified. 

To  reduce  further  waste  of  silver*  the  Department  of  Defense 
(DQD)  is  tasked  with  establishing  and  ^nltorlng  a  silver  recln- 
matlon  progrcB&  for  govertront  agencies.    Di*D  Directive  A160«22* 
APR  400-14*  ami  TO  10-1-25  are  designed  to  assure  benefits  from 
silver  recovery  in  government  operations.    Whereas*  APR  400-14 
details  various  levels  of  raajiiagCTent  In  silver  recovery,  TO  10-1-25 
is  directed  toward  laboratory  operations.    TJh*s*  It  in  the  T^hnical 
Order  which  will  be  used  at  this  level  of  tte  prc^tati. 

There  are  three  primary  methods  for  sllv?Br  rernvcry  frtmi  used 
fiSfer  solutions. 

1.    a«SCTRQLYSIS.    Silver  is  removed  by  passing  a  controlled 
electrical  current  through  electrodes  placed  in  the  solution*  Silver 
Is  deposited  on  xX»  cathode  in  the  form  of  near  pure  silver  plate. 
The  cathodes  are  r^oved  periodically  and  the  sllvur  Is  stripped  off. 
To  maintain  the  highest  efficiency  am!  recovery  vates,  silver  content 
of  the  solution  and  amperage  of  the  el«:trlcal  current  ^ire  constantly 
monitored  electronically*    This  method  is  the  only  one  that  permits 
reuse  of  fixer  after  the  silver  is  rt-moved. 
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2.  METALLIC  R^LACWEIIT.    Inaertion  of  a  base  aeeal.  such  as 

riludge.    1^  aludge  is  reaovad  after  mudmm  exchai^e  la  accoBpXlshed 
<tiid  refitted  u»  recUla  the  allv«r.    The  fl«lag  aolutlon  suat  be  die- 
( ardod  after  illver  la  recovered  by  thla  netted. 

3.  CHWICAL  PRECIPmTICW.    Recovery  of  aUver  la  poaalble  by 
adding  certain  chealcala  to  the  aolutloo.    SUver  la  precipitated  in 

ii^i^fr«f^.?  ^^"^^  ^^^.^      ^""^^  reclala  the  allver. 

iT^t  rL^^%'  be  dlacarded  after  using  thla  method.    Thla  method 
18  not  recmsBanded  for  Air  Force  uae  due  to  facUlty  ai^  nanpower  re- 
^ulretBenta  and  the  noxlaua  fuaea  and  odors  generated. 

pwre  are  currently  ctro  sethoda  for  recovery,  of 'aUver  froa  oro- 
caaaed  and  unproceaaed  flin/paper  ramanta.  ^ 

1.  IBCINERATION.    The  allver  in  photographic  f 11a  and  paper  can 
be  recovered  by  cojplately  burning  the  material  in  an  incinerator  wMch 
controla  both  the  Iwrnlng  proceaa  and  rhe  fly  ash.    Residual  aah  la 

.  proceaaed  to  reclala  the  allver  content.    I^eclal  incinerator  ecmlp- 
iBdnt  l8  neceaaary  to  accorapliah  this  a».thod. 

2.  HfULSION  STRIPPING.    The  aiul«lon  layer  containing  the  silver 
can  be  reaoved  f roa  the  flla  base,  uaing  chmlcal  or  aechanlcal  aeana. 
Tlie  reittltlng  aUtdge  la  tl^n  refined  ti.  recover  the  allver.  This 
method  of  allver  recovery  froa  film  Is  still  In  the  development  stage. 

procedures,  and  equipment  are  not  yet  available  to  aeet 
production  proceaalng  requireronta. 

Silver  Recovery  Equipment 

HETALLIC  REPLACBfENT  CARWIDGE  SYSTBf.    Low-volume  photc«raphic/ 
rtconnalaeancB  processing  facilities,  which  generate  lesa  thim  30 

.W:^       exhausted  hypo-solution  per  elght-hcnir  day,  will 
n!^J?f  «f  replacenent  Cartridge  Recovery  System.    This  would 

noraally  lj*:l«de  such  activities  as  medical/dental  X-ray  laboratories, 
photographic  ^^Jy  shops   and  poaslbly  some  base  photographic  labora- 
«ri  ?  faclUttea  will  uae  the  cartridge  recovery  ayatem 

(?S;re*j!w)  electrolytic  equipmL 

NOTE;    Operating  units  which  generate  U-ss  than  200  gallons  (760  1.) 
of  exhauated  fixer  aolution  annually  will  not  be  Issued  cartrldgei. 
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When  «u:<moBlcalIy  practical,  exhausted  fixer  solution  will  be  trans- 
ferred to  a  central  collection  point  for  processing. 

The  cartridge  is  a  serially-numbered,  plastic  or  pla8tlc--coat«i 
drum  which  is  filled  with  a  spun  metaHlc  filler.    The  main  top  or 
lid  is  tightly  crifflpcd  in  place  md  is  not  intended  for  reaoval  at 
base  level.    The  cartridge  Is  available  in  tw  types.    The  T^pe  IP 
cartridge  contains  a  roarac  metallic  tiller  ami  is  Intended  for 
general  use.    The  Type  II/ IIP  cartridge  is  packed  with  a  fine 
metallic  filler  and  Is  specifically  dehlgned  for  use  with  color 
>  film  and  color-print  fixers.    These  cartridges  liave  a  oaxianra 
capacity  of  4.75  gallcns  per  hour  or  300  cc  per  raimite  and  will 
process  approximately  200  gallons  (760  1.)  of  fixer  before, tl» 
cartridge  Is  exhau^t^.    The  cartridge  shmild  be  replaced  when 
tests  of  the  effluent  indicate  the  cartridge  is  exhausted^  Thr 
removed  cartridge  contains  silver  sludge  and  will  be  processw! 
for  shiiment  to  the  central  co)  lection  point. 


BYPASS 

im  FROM 
PROCESSOR 

CONNECTION 
TO  DRAIN 

SPACE  FOR  FLOW 

OF  SOLUTION 

IKON  FILLER 
PLASTIC  SCREEN 

VOID  TO  MOLD 
SILVER  SlUIXJE* 


Figure  1-10.    Meta.Uc  Replacement  CsrtridRe 
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aBClROLYTlC  RBCOriRY  SYSTHH.    Medlua  and  high-volume  processing 
fAclIUifis,  vhlcb  generate  oore  than  30  gsUm  (114  1.)  of  S]d«it8c2 

will  use  electrolytic  recovery  units.    (Flgtsre  l-ll).    This  mid  in- 
clude activities  such  as  Reconnaissance  Technical  Squadrons.  Radio- 
graphic, and  Base  Photographic  Uboratorles.    Electrolytic  recovery 
units  can  recover  approximately  2.5  troy  ounces  (70.8  g.)  of  silver 
I»r  hour  using  a  *T»atch"  process.    It  wUl  process  approxlnstely 
100  gallons  (378.5  1.)  every  twenty-fcmr  hours.    Faculties  which 
generate  hypo  in  excess  of  100  gallons  (378.5  1.)  per  twenty-hour 
day  will  require  installation  of  oailtlple  units. 


Figure  1-11.    Electrolytic  Recovery  Unit 
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IhlB  recowry  unit  locliKles  n  electronic  leiMilng  <»"'1««  "JJ^^ 
eajuelftbTprtii  current  t.  thj^.U«^^^  J  g^/.*^ 

rpSt^S "i^re^rX--  "»crr:ir.uyr  Ha.  «.tr.t.d 

turns  on  autonatlcally  when  sliver  is  present. 

This  type  of  eauipoent  will  be  used  with  o&llua  through  Wjh  pro- 
ducti^opeJ^tions  ScSTse  it  is  "^^^'i^'  ^ 

Elites  BiinLuB  manpcier  for  operation  and  maintenance. 

Th«  silver  recovery  systm  for  a  high-production  reconnaissance 
The  .  Jonaiat  of  lailtlple  electrolytic  recovery 

processing  facility  would  consi»t  oi  ^  ynuld  be  used 

^its  installed  in  a  cascade  .^^t^^^^S  telTl^  ti^rf. 

from  the  processing  equlpiaent  to  a  centrally  ^^*^^^^^i^holding 
al"  bet^n  the  cascad^l  recovery  ""J^«V,!TJ^;«^l^'i^*^tie  s^ 
tank  to  the  ^^f^"  TlSVauJ  ^-raUorS^  efha^fted  fix«. 

r  r^'i^L'tL'f  iflitler  r'foverreciSi?^  re.^.ire«ents  for  specific 
The  determination  of  silver  recov    y    h»  j^eased.  and  the  quantity 

Installations  is  based  on  the  ^T*""^.  f  ' , ,  j-o  process  the 

and  type  fixer  (amiionluiB  or  «>diu»i  thlosulfate)  used  to  proce 

film. 

Silver  will  be  harvested  or  stripped  froa.  the  cathode  Pij^es  as 
TkIS  hrthe  aoollcable  equipment  mnintenance  manual.    The  strip 
prescribed  by  the  appllca^i^    q    p       ^^^^  representative  of  the 

ping  °Pf/^^^^^^/,i^^  I'^^TZ  accurately  weighed,  the  ^B^t  annota  ed 
commander.  J*^^^"^^."^^  certiHed  by  the  witness.  The  sllvet  will 
on  the  turn-in  document,  and  «^"t^'^^°  .  M.rned  In  for  shipment  to 

be  placed  in  a  metal  .  ontalner.  socured.  and  turned  In  tor  P» 

the  central  collectiu.,  point. 

TYPES  OF  CONTIPWOUS  PROCESSES  ^ 

There  are  many  different  types  of  cuntlnuous  P^^^^^'^^^JJ^J 
brencountered'm  the  field.    ThlH  discussion  will  be  limited 
to  four  common  processors: 

1.  Fultron 

2.  UTA-3CM 

3.  Ektachrome  RT  Model  1811 

4.  Versamat  IICM 

The  first  three  will  be  covered  briefly  «nd  the  l«t  In  det.ll . 

Fultron 

Tl.e  "Fultron"  prcKcssor  (Figure  1-12).   1.  n,anuf nctured  by  the 
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Figure  1-12.     Fu^ron  Threading  Diagram 
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EastBjao  Kodak  Company.    The  "Fultron"  Is  designed  to  process  con- 
tinuous lengths  of  original  negative  and  aerial  duplicating  filjns 
ifith  a  speed  range  of  5  to  60  feet  per  minute  (1. 5- IB.  3inpm) .  It 
uses  a  combination  spray  and  Iroerslon  syetcm  for  procesBlng.  The 
four  principal  operating  Beet  Ions  are  described  as  follows: 

« 

LOAD  SECTION.    This  section  Includes  the  following! 

Feed  Stand.     The  feed  stand,  located  at  the  feed  isid  of  the  pro- 
cessor, supports  the  rolls  of  film  during  processing.     A  heat  seal 
Mlicer  is  TOunted  on  top  of  the  stand  so  that  rolls  of  film  can  be  . 
spliced  Intc  contiiwous  lengths.    Also,  within  the  stand  is  the  con- 
trol panel  for  all  aspects  of  operation. 

Elevator  Assembly.    The  elevator  assembly  consists  of  an  upper 
fixed  carriage  with  four  rollers  and  a  lower  moveable  carriage  with 
three  rollers.    The  elevator  assembly  is  a  storage  device  that  allows 
time  for  splicing  without  stopping  the  processing  operation. 

WET  SECTION.    This  section  iru'ludes  the  following: 

Developer  System.    The  developer  system  consists  of  a  developer 
spray  cabinet,  temperature  cotttroL  apparatus,  a  recirculation  puap, 
and  a  filter  (located  on  the  pump  stand).     Thi-  stiiinless  steel  devel- 
oper spray  cabinet  encloses  two  h^inkn  of  nozzles  to  spray  developer 
onto  th^  emulsion.     It  also  has  a  \  ank  of  nozzles  positioned  to  sprny 
developer  onto  the  base  to  remove  any  antihalation  coating. 

V 

Pump  Stand.     Tl»e  pump  stand  (not  shown)  is  cmipriHcd,  principally, 
of  a  pressure  control  panel,  a  chemical  control  panel,  ..  dev^  1«  per 
temperature  control  apparatus,  filters,  and  pumps. 

Cutoff -Spray  Cabinet.     The  cutoff  spray  cabinet  Is  attached  to 
the  exit  of   the  developer  cabinet.     Termination  of  dc-ve ItijWient  is 
acccmpllshed  In  this  cabinet  by  a  cutoff  spray  rlnne  of  f  1^-laden 
wash  water  drawn  from  the  sump  of  the  first  wash  spray.     fhls  cutoff 
spray  rinse  flushes  carry-over  develo|-er  to  the  drain,  thereby  re- 
ducing contamination  of  the  fix. 

Tank  Sections.    The  tank  sections  consists  of  an  Inroerslon 
fix  section,  a  first  wash  spray  sectiuu,  a  wash  bath  section  wetting 
agent  tray,  and  a  tank  drain  section. 

Final  Wash  Spray  Cabinet.    This  small  cabinet  is  mounted  on 
top  of  the  last  compartment  of  the  tank  assembly.     In  this  cabinet, 
a  final  rinse  is  sprayed  onto  both  sidus  of  the  film. 
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IfeCting  Agent  Tray%  .  Thi9  ahallov  tank  Is  attached  to  the  takauf 
of  tha  tank  aaa«ibly.    It  holds  a  iiectlog  agei^  to  disperse  droplets 
of  water  evenly  on  tl^  f 11»  surface  which  helps  prevent  water  marks  dur- 
ing drying.    Flla  is  subn^r^^'^as  it  passes  tlurough  the  pan  under  the 
IdX&i  roller. 

DRY  SECTION.    This  section  contains  the  following: 

Squeegee  Ass^bly*    This  squeegee  assembly  ccwprlses  an  idler 
fuller,  a  main  drive  roller,  and  a  pressure  roller.    The  film  feeds 
around  the  idler  roller  atid  the  main  drive  roller.     The  squeegee  action 
occurs  as  film  passes  between  the  main  drive  and  pressure  roller. 


Subtractor  Assembly.    Any  surface  moisture  remaining  on  either 
Hurface  of  the  film  after  it  passes  through  the  squeegee  is  removed  by 
the  subtracto-  assembly.    This  assembly  consists  of  a  series  of  stagger- 
ifd  rollers  and  warm  air  ducts  which  remve  any  intractable  traces  of 
wetting  agent  soluticKi. 

Dryer.  TVo  cabinets  ccmstitute  the  dryer  section  of  the  pro- 
cessor. The  front  cabinet  houses  three  idler  rollers  and  33  slotted 
air  tubes  in  the  first  half,  ami  the  takeup  elevator  in  the  second 
half.  The  rear  cabinet  contains  a  dryer  blower,  heating  elesnentSp 
filters,  and  two  plenums  to  direct  the  air  flow  to  the  slotted  air 
tubes  in  the  front  cabinet.  An  auxiliary  control  panel  is  located 
on  the  takeup  end,  at  the  top  of  the  rear  dryer  cabinet. 

Dryer  Elevator  Assembly.    Tlie  dryer  elevator  assembly  inside  the 
dryer  cabinet  has  a  similar  function  to  the  elevator  at  the  feed  emi  of 
the  processor*    The  takeup  elevator  collects  the  film  strami  to  elimi- 
mte  any  need  for  stopping  the  processing  operation  while  chatting 
^     Is  an  the  takeup  assembly, 

TAKEUP  SBCTION.    This  section  includes: 

Antibackup  Rollers.    The  antibackup  rollers,  located  cm  top  of 
the  dryer  cabinet,  prevent  loss  of  tension  within  the  dryer  cabinet 
when  the  takeup  drive  is  stopped  for  chaqglnsf  spools,  or  when  a  break 
0C4!urs  between  these  antibackup  rolleis  avtd  the  takeup  spool. 

Viewer  and  Cutter  Assembly.    The  viewer  and  cutter  assembly,  at 
the  takeup  end  uf  the  processor.  Is  designed  for  viewing  the  processed 
film  and  cutting  the  film  for  spool  change  over. 

Takeup  Assenjbly.    Tyo  apimiles,  driven  by  a  single  torque  notor, 
comprise  the  takeup  assembly*    Only  one  splmlle  at  a  time  actually  winds 
film.    The  other  spindle  holds  an  empty  spool  no  that  film  can  be  cut 
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Figure  1-13.    HTA-3Qt  Threading  Diagram 
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and  traiwferred  directly  to  the  eapty  apool  wh«i  the  other  spool  i*  full. 
Hp  to  lOOO  feet  (305  m)  of  ataalard  baaa  f  11»  can  he  aoimd  ea  a  tikaup 
spool  plaead  on  either  spindla.  / 

The  KTA-aaC  continuous  flln  processor  (Figure  1-13)  la  a  dayJJS»>t- 
operated  oschine  designed  to  proeeas  70  am  to  9.5  inch  (24.1  oa)  flla. 
either  standard  base  or  thin  base.    Processing  speeds  are  froa  5  to  60 
feet  per  minute  (1.5  to  18.3  o^n). 

The  processor  is  constructed  chiefly  of  stainless  steel.    All  parte 
of  the  laachine  likely  to  be  exposed  to  corrosive  solutions  or.vai«»ts  arc 
fabricated  from  Type  316  corrosion-resistant  stainless  steel,  synthetic 
rubber,  or  inert  nsterlala. 

The  HbuB con-Fear leas  HTA-3CM  processor  consists  of*  four  principal 
operating  sections  described  as  follows: 

^    POWER  SECTION.    The  power  section,  located  at  the  loading  end  of 
the  processor,  contains  the  f ilm-loa»iing  magazine,  the  film  splicer, 
thte  main  drive  unit,  and  the  principal  operating  controls.    The  opera- 
ting controls  are  located  on  the  front  of  the  upper  power-coopartment 
section.    All  panels  enclosing  the  power  section  are  Yemovable  to  per- 
mit access  to  the  power  distribution  awi,  control  components.  The 
film-loading  magazine  guides  and  the  film  splicer  are  mounted  on  top 
of  the  pow^r  section. 

LOAD  ACCUMULATOR.    The  load  acci«ulator.  situated  between  Che 
power  section  and  the  preweC  tank,  provldea  a  film  reserve  so  chat 
film  can  be  spliced  without  stopping  the  machine.    The  accimiulator 
has  three  top  rollers  and  two  elevator  rollers  over  ^ich  the  film 
Is  looped.    When  the  end  of  the  film  reaches  the  film  splicer,  the 
film  Is  locked  automatically,  and  the  magnetic  elevator  break  releases 
the  elevator.    The  elevator  rises  as  the  film  is  pulled  into  the  wet 
section.    The  accumulator  holds  sufficient  film  footage  to  permit 
making  splices  while  processing  at  30  feet  per  mimite  (9.1  mpm). 
After  a  splice  has  been  completed,  the  film  lock  Is  released  and  the 
elevator  descenis  to  Its  normal  operating. position.     If  a  splice  is 
not  complete  within  the  allotted  time,  the  processor  drive  shuts  off.  , 
The  processor  can  be  started  again  after  the  splice  has  been  com- 
pleted. 

WET  SECTION.    The  wet  section  consists  of  the  following  tanks: 
Prewet  tank,  developei  tank,  stop-bath  tank,  fixer  tank,  and  three 
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wash  tanks*    The  developing  And  fixing  solutions  can  be  continuously 
recirculated  t  filtered «  ami  ttesupor&i.  ^^ike  developing  solution  Is 
turlwlated  by  a€»ns  of  pwps  and  sut^erged  manifolds.  FloMieters, 
to  meter  the  replenistraent  of  l:he  developer,  stop  bathp  and  fixing 
soluticm  are    provided.    Vbsh  tanks  use  both  spray  and  full-'d^TOrsion 
wash  techniques  and  provide  these  options:  1  (1)  the  first  wash  may  be 
full  spray,  spray  and  half-insaersiont  or  full  Imierslon.     (2) '^the 
s^cmd  and  third  washes  are  a  combination  *spray -and  cascade  arrange- 
cmiit*    Wash  water  temperature  is  controlled  by  a  manually  adjustable 
mixing  valve  which  admits  hot  and  cold  water  In  the' correct  pro- 
portions to  maintain  the  desired  tmperature« 

Solution  carryover  into  the  developer,  stop  bath,  fixer,  and  wash 
tanks  is  limited  by  roller  sqi^egees  located  at  the  exits  of  the  pre* 
wet,  developer,  stop  bath,  fixer,  and  first  and  second  wash  tanks. 
Carryover  from  tte  third  wash  tank  Is  lifted  by  a  wringer-type  roller 
squeegee  located  at  tlie  tank  exit.  * 

DRYQl.    The  dryer  section  consists  of  an  upright  dryer  cabinet, 
an  accumulator,  a  film  viewer,  and  a  dual  f Ibo'-tak^^up  sectlun.    Up  in 
1000  feet  (304.8  m)  of  standard  base,  or  18(K)  feet  (549  m)  of  thin 
base  film  can  be  wound  on  a  takeup  spool  placed  on  either  spindle. 

Ektachrcme  RT  Processor  Model  1811 


M 


The  Model  1811  Processor  is  designed  to  process  and  dry  ^ 
Ektachrome"  aerial  roll  film'^tmall  sizes  up  to  9  1/Z  Inches  (24,1  cui) 
wide  in  EA-5  chemistry.    Tte  prcbessor  operates  on  the  roller-transport 
system,  and  all  film  requires  a  Vhreadlng  leader  tab  for  poRltive  trann- 
jHirt.     Access  time  Is  approximat^y  9  minutes  at  9  f pm  (2*7  n^m)  opera- 
tion. 

The  processing  unit  is  designed  in  two  modulet"  of  9  tanks  each* 
The  first  nodule,  containing  the  first  developer  solution^  is  operated 
at  approximately  1  Kf^F  (43.3*'C)'^d  the  second  at  approximately  IZ^^'F 


^nc 


A  compact  control  console,' separate  from  the  pnu-t^ssor,  includes 
all  elements  for  rcplenislmient ,  recirculation,  trmpcr.ituri:'  control,  and 
filtration  of  solutions.     A  panel,  situated  above  the  plumbing  fixtures, 
contains  all  the  control  swlt  hes,  speed  meter,  .thcnuinncf cr^,  flowmeters 
and  15  gpm  (56.8  1pm)  thermostatic  water  mixing  valve  (figure  i-14)* 

Nine  55-gallon  (189.3  1.)  chemical,  storage  units,  roa4e  of  durable 
polyethylene  tanks  (ccmtplete  with  fittings,  hose,  dust  covers,  at^ 
floating  lids)  are  provided  with  the  processor.    Replenishment  tubing 
is  also  provided # 
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Figure  1-14-    "Ektachrome"  RT  Processor,  Model  1811 


VERSANAT  FlUl  PROCESSCKl,  MODEL  IICMW 

AlBoet  every  laboratory  has  the  job  of  prpceasing  film  of  various 
sizes  and  formats.    For  exonple,  routine  work  orders  over  a  week's  dura- 
tlon  nay  Include  re«iueat3  to  process  cut  fila,  film  p«:k8,  ami  roll  film. 
iTie  roll  fil»  requests  may  Include  sizes  ranging  frtaa  16  mm  to  9.5  Inches 
(24,1  cm)  in  width.    In  addition  to  the  4-by  5-inch  (100  x  125  mm)  film 
pack  processing  requests,  cut  f  iiia  in  4-  by  5-lm:h  (100  \  125  rm)  or  8-by 
Ifl-inch  (200  X  250  mm)  forma ts  Hrc  also  processed.    Ordinarily,  separate 
prucessing  equipment  would  be  used  to  develop  such  a  wide  range  of  film 
aizes  and  formats.    However,  the  Model  IICMW  Versamat  processor  can  haittJle 
all  of  the  film  sizes         formats  usually  found  on  routine  work  orders,  on 
a  selective  basis.    This  processor  unit  can  handle,  at  the  same  time,  cut 
or  sheet  film  in  any  size  ranging  fr«wi  4  by  5  inches  to  11  by  14  Inches 
(280  X  356  ma). 

Oene ra 1' Descr ip tion 

The  Vereaiwt  prtx-eesor  is  usually  installed  in  a  wall  that  sepa- 
rates tl«  laboratory  darkroom  aisl  its  white-lighted  finishing  rooo. 
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Figure  1-15.    "Versamat"  Film  ProcasBor 
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Tl»e  feed  end  of  the  Versuawt,  which  Is  shown  In  figure  1-15,  Is  In 
darkroaa  while  the  takeup  and  is  in  clie  ligtited  rom. 

The  basic  processor  q^asores  58  Inches  (1.5  to)  in  lei^eh,  25 
inches  (0.6  m)  in  width  and  54  inches  (1.4a)  in  height.  Haxinun 
weight  of  the  unit,  without  processing  solutions,  is  1200  poimds 
(540  kg) .    Although  no  i&are  than  11  square  feet  (1  m^)  of  floor 
spac.e  is^n^^ed  for  installation  of  the  basic  processor  unit, 
additional  tf^ce  aay  be  needed  to  accoBraodate  f loor-aounted,  25- 
gallon  (95  1.)  storage  tanks  for  replenisher  solutions.    To  operate 
and  service  the  Versa&at  processor,  a  space  requir^^it  of  tw  feet 
(0.6  n)  is  necessary  on  the  Control  «iide  and  at  both  ends  of  the  unit. 

The  electrical  power  needed  by  the  Versaaat  processor  is  si^plied 
by  a  4 -wire,  S-phase,  60-lla,  110/208-volt  source.    Total  electrical 
load  required  to  operate  the  processor  unit  should  not  exceed  12 
kilowatts.    Unlike  most  equi{»«dnt,  the  Versanat  processor  has  no  main 
power  switch  on  its  control  panel.    Instead,  the  electrical  power 
supply  is  provided  by  a  wall-mounted,  off -on  switch.    When  this 
switch  is  in  its  ON  position,  all  coaponents  of  the  processor  are 
energized  up  to  their  individual  control  stations. 

Standard  Equijpsent 

The  following  equipment  cwaes  as  part  of  the  Versamat  processor: 

1.  Two  30-8allon  (114  1.)  repJenlsher  tanks  for  developer  and 
tixer,  eoBplexe  with  compresaiun  fli  tings,  hose  adapters,  mixing 
paddle,  floating  lid,  and  dust  covers. 

2.  Fifty  feet  (15.2  m)  of  tubing  with  clamps  to  connect  re- 
plenlsher  tanks  to  prcKessor. 

3.  Two  strainers,  one  for  flxi'r  and  one  for  developer. 

4.  Thennostatlcally  controlled  water  mixing  valve  with  check 
valve,  strainers  for  hot  and  cold  water,  and  a  tcaperature  gauge. 

5.  A  flow  control  orifice. 

t 

6.  Two  Weir  blocks  to  direct  fixer  flow  for  aerial-type  or 
conterqial-type  chemistry. 

7.  One  splash  guard. 
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Accessory  Avd  Optional  E^lpnent 

The  Versaaat'fl  accessory  and  optional  equipwent  kicludest 

1.  Roll  fila  and  takeup  adapter. 

2.  Developer  bypass  to  bypass  the  first  developer  tank. 

3.  Skip  rack  crossover  for  bypassing  any  tank  after  the  first. 
^    4.    Adapter  asambly  for  MUler-HolEW«rth  jwlndqw  attachaent. 

5.    Silver  recovery  device.  j 


Operating'  Principles 

Once  the  exposed  fila  is  placed  in  the  feed  end  of  the  V^saaat 
proces^r.  its  film  transport  system,  which  is  self-threading.  a»to- 
^ri::uy't^es  over  l^^lJing  the  f  11..    ^^^^fJH^^    J  ^^-^tjf 
through  the  various  processing  eolutions  with  the  axd  «f  «Pe^^^ 
ra^^  located  In  each  of  the  seven  stainless  steel  tanks  Each 
rack  hasTnutaber  of  rollers,  arranged  so  that  a  straiul  of  roll 
fUm  »^ves  teween  the  roUera.     In  addition  to  Its  transport  duty, 
lull  rystLlu^nlshes  an  effective  .iRUatlon  action  «o  that  reaction 
bJJ^ductrca:;  be  removed  rcadfly        frenh  developer  solution  is  dr- 
culated  around  the  film. 

When  sheet  filffl  or  roll  fUm  1h  attached  to  a  leader  bullet.  It 
guldef'e  m»  through  th.  roller  racRa.  ,f  ^  "  ^'eJ 

Tre  located  within  the  tanks.  ^^^^^ 

;nd  il  transport.^  downward 
tubes,  which  dircvtB  hut  air  on  both  sutUuvh  o!    t  lu  film. 

Air  within  the  drying  compartment  naturaUy  becomes  laden^^^ 
moisture  as  the  film  is  drying.  In  ord.r  tn  m^'ln u U.  the  desired 
operating  sp.ed ,  the  molsture-UdiM>  air  muHt  be  oUmliiated.  ThlH 
is  dune  by  ^xha^stl.^  the  air  away  1  run,  the  drying  c  un,par trnent  bo 

hat  dry!'heated  alr'^may  enter  and  replace  t^  T'^^^"^:"  "t'tranapurt 
tnau  'illowttl  to  Blow  down  atKl  the  transpuri 

P^let  into  a  receiving  bin  (for  .l-.C  UM  or  tn  n  takeup 
adapter  (for  roll  film). 
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FuiK'tloriiil  Description 

Msjcv  parts  of  the  VeraasdC  are  Identified  in  Figure?  1-16  and 
the  following  paragraphs  describe  the  various  procesmr  pystme. 


i  «  4 

CI  • 

Figure  1-16.    Vtirsaaat  Major  Parts 


1 .  Number  I  Developer  Tank 

2.  Nufflber  2  Urvcloper  Tank 
J.  IfeiBjber  1  Flxifr  Tank 

^.  NumWr  2  ViAi^r  Tank 

5.  Number  3  Fixer  Tank 

6.  Htfi  Thermojitat  Pilot  Uuup 

7.  Developer  Thurroostat 

8.  Weir  Bluck 

9.  Dryer  Fluiid  Light  Switch 
10.  Dryer  Thtarmostat 


11.  Dryer  Therroostat  Pilot  Lamp 

12.  Daiaper  Control  Knobs 

13.  Dryer  Teeperature  Gauge 

14.  Owrflow 

15.  -  Fix«fr  Inlet  (A  type  Chemistry) 

16.  Fixer  Ihlet  (B  type  Cheaistry) 
1  7 .  (Himber  1  wash  tank  and  rack 

18.  l^ber  2  wash  tank  and  rack 

19.  Squeege;'e  Assembly 

20.  Dryer  ^lood  Li«ht 


SW  C3AHR233JO'  OOl-lII-l 


29 


7<Z 

RBCXBCULATIOM  SYSTEM*    Tt^  developer  r&:lrcttla£lon  syatem  (figure 
1-^17)  concimiously  {maps  the  developer  frosi  developing  tanks  throi^h 
a  filter^  iMat  mctuiti^eri  el^raostatlcally  controlled  electric  h^ter, 
ami  teck  Co  the  developing  tanks.    An  ON*OFF  rocker  switch  operates 
the  {mop  snd  energises  the  thermaJ  control  system. 


Figure  1-17.    Developer  Ri^lrcu  lot  Ion  Flow 

NOTE:    Fixer  solullun  1b  nut  rec  Irculattnl . 

The  water  clrculatlun  ^stfis  upuraies  I  rom  line  pressure  to  pro- 
vide water  to  the  cascade  spray  wash  tankn  through  the  Jacket  side  of 

he  developer  heat  tdxchanger.     Water  temper  ante  Is  resul'ated  by  an 
externally  mounted ,  thenaostutically  control  leii  miitlnK  valw.  Tlio 
temperature  should  be  adjusted  5*"  F  (2.8''C)  Ubs  ttian  the  desired 
developer  temperature. 

REFLSNISHMENT  SYSTBI.    Tl^  fixer  ami  developer  r^plenistimoiiit 
syste&s  pump  fixer  and  developer  to  the  processing  tanks  frow  the  re- 
plenlsteent  tanks.    Both  replenlshsaent  punps  are  operated  autcsaatical ly 
by  a  swir'^h  In  the  f llm^deteccor  asseiably.    The  pumps  start  when  film 
is  detected  passing  through  the  rollers  and  stop  when.no  film  is  passing 
through.    Both  replenisha«nt  systems  arc  energized  by  an  AUTCMATIC-OFF- 
MAJRIAL  rocker  switch.    The  laamiaL  setting  allows  operation  with  thin 
base  films  that  may  »^ot  actuate  the  switch. 
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PIXiSR  REPLENIS»fENT  FLOW.    The  fixer,  unlike  the  developer,  la 
HOC  reclrculatedt  tn&t:  It  raiat  be  replenished.    Figure  1*»18  Bh&M  hmi 
Chle  repleiii^mmf:  ayatem  imrks.    Fixer  repd^ilehar  » carte  nitib  ^ 
replenlehront  tank  then  flows  tlirough  a  strainer ,  the  fixer  replenlsher 
punPt  the  selector  valve,  a  check  valve,  the  floweter,  and  Into  the 
t  Ixer  tank  (tank  #3  on  tl^  Veraasat).    The  selector  valve  is  ue^  to 
r^ove  any  air  In  the  replenlsloiCTt  ays  tea.    Both  the  fixer  and  devel«- 
oper  have  thalr  oun  check  valve. 


Figure  1-18.    Fixer  Replenishment  Flov 


DRAINAGE*    The  drainage  system,  vhlch  contlnumisly  gravity-drains 
tilt'  wash  tanks  and  tht2  overflow  from  the  process  tanks,  is  also  used 
durli*^  cleaning  to  complutely  drain  the  proteins  tanks. 

MAIN  DRIVE«    The  sain  drive  system,  consisting  of  a  single,  vari- 
^blewspe^  iwtor,  sprockets,  chains,  and  gears  which  drive  the  entire 
rolltlbr  transport  system.  Is  actuated  by  an  ON-CFF  rocker  switch.  The 
desired  speed  (0*^25  feet  per  mlxxite)  (0-7*6  mps)  is  set  with  a  speed 
control  potentiometer.    The  set  spe^  Is  automatically  kept  constant 
by  a  drive  control  as  electrical  loads  vary. 
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AIR  CIRCULATION.    Tt^  air  clrculatlun  ayfltea  is  dctlgtied  to  clr-* 
culate  heat&l  J Igjjp^  through  the  dryer  SKtion  df  the  pr(K:e08or«    A  blowry 
4GN:ated  bei^ath  the  proceeslng  tanks,  contlmimialy  reclrculatM  air 
through  the  dryer  and  heater  sections.    Makeup  air  is  added  through 
the  grille  opening  in  the  dryer  end  panel  and  an  equivalent  aaount 
is  discharged  through  the  dryer  exhaust,  thereby  isaintaini^  proper 
relative  tuimldity  in  the  dryer.    Approximately  250  cfm  is  repl«:ed 
in  this  mani^r.    The  blower  motor  and  dryer  heaters  are  controllcMi 
by  an  ON-OTF  rockur  switch  located  un  the  front  pam^i  . 

WARNING:    Do  nt?t  operate  dryers  far  more  than  a  brief  perlCHl 
of  tlse  with  side  panels  retsoved.  ^ 

ROLLER  TRANSPORT  SYSTQl.    Thin  systOT  consists  of; 

1.     A  film  detector  asnembly. 

^  2*     Seven  racks. 

3.  .  Eight  crossovers. 

4.  A  squeegee  assembly  -  all  In  the  processing  section. 

The  flLB  detector  assembly  (FlKure  I7I9)  consists  of  the  following', 
two  rollers  ami  three  micro  switches.    The  film  pasnes  In  between  these 
i  two  rollers  and  a  buzzer  soumlB  ir^licating  a  double  thickness  of  film 

(film  spliced  onti^  a  bullet).     This  buzzer  is  activated  by  the  two 
outside  micro  switches.    Iht?  4  enter  micro  switch  operates  the  re- 
plenishment pumps  when  the  replenlnfraent  switch  is  In  the  autcnaatic 
position.     Three  Hfiomis  utter  the  trailing  end  uf  the  filai  has  passed 
the  detector  rollers,  a  bell  Hou«iH,     This  bell  indicates  that  tlie  end 
of  the  film  is  In  the  processor.     This  also  Indicates  that  another  roll 
ot  film  can  now  bf  prutesHtad. 

Each  rulUM   r.uk  ionniHtH  of  a  serits  o!  chain-driven  rollers 
mounted  in  a  staggered  path.     Ah  the  rollers  rotate,  the  film  is 
conveyed  from  roller  to  roller  tiu  nighout  the  ByBt«D.    Vflien  the  film 
reaches  tluf  bottom  of  eath  rack,    U   Ib  turned  180  dep.rees  to  complete 
its  course  through  the  rack  by  a  luru'-ari  uivi  awseinbl  y  ssuunted  at  the 
bottom  of  *Mch  rack.     Vflien  tliL*  film  reaches  the  top  of  a  rack,  it 
enters  a  crosHovcr  anscmbly  HimlJ.ir  In  deHign  to  the  ttir n-arouml 
assembly,  which  conveys  it  to  the  next  rack*    There  ate  eight  cross- 
over assemblies:    one  for  the  entrance  to  the  first  ruck*  one  betweei 
each  of  the  seven  racks,  and  one  at  the  exit  of  the  last  rack.  To 
minimize  surface  deposits,  certain  rack  tran»port  rollers  are  covered 
with  polyethylene* 
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1.  ThickneBB  Detection  Switches       Z.    REPLEN  Pump  Switch 

^.    Detection  Rollers 


Fijiure  i-l9.     JJetfi  lion  Switches,  Top  View 

FE£D  ITRAY.    Tlu-  jHirpotic  uf  the  f<ed  tray  In  to  guide  the  flLm  into 
the  pro  eSHor  iuid  tii  ki'ep  the  iilm  from  drifting  from  f^ide  to  side  during 
lu'ijc  i^bH  lag. 

DRYER  TRANSmRT  SYSTHM,     Thin  nystau  consists  of: 

1.  biLCiiucii  iiiki  exit  croii.soverB. 

2.  Two  vert  it'll  I  rciWb  of  bell -driven  rollers  mounted  in  a  staggered 

pii  i  h . 

') ,     A  tuniaruufuJ . 

4 .     Air  tiibes  nuiuntt*d  between  t  \iv.  trannpori  rol  lers. 

The  air  tube«  diret  i  .ilr  ^miu  luult  siirftues  of  the  film*  An 
additional  air  tube  is  locate  abijve  tlie  dryer  entrance  crossover  to 
remove  exceM  moisture  prior  iu  dryipg,    liulde  pins,  mounted  on  the 
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FiK.Ht^-  K'^n    ^nrT)  frctl   /wi-M't-^T    Ifist  ;i  1  lat  ion 


.ir   tub-s,  djr 


^ir*'-  I    tnt»  ^  iim  !  r^r.  ^nu'  tr.i; 


t       ^         lo  iht'  next  • 


NOTK: 


tlasuil..-  tubt-'s  wlLh  .  .in-   In  .L  Vfiit.     1 -^.i  n>',nmi'nt  of 
)Vi  idi.'  pins. 

The  dowti-^p.ith  film  transport  rol  U-r  .  arc  idcnt  I f iarby 
a  siuuoth  surface  at    Hit-  iMu!  .1   p  .ll'.  %.  while  the  up- 
path  transport  r.'ll.-rs  .if.-  lat-ntjtird  by  a  Kritove-l 
surface  at  the-  end  oi   the  pullt-v. 

ROLL  FEED  ADAPTKRS.     Whi-n  th.-  Vi'r.s;im.it         m  i..   uhvk\  to  procesfl 
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1.  Dryer  Exit  Roller 

2.  Windup  Reels 

3.  Collars 

A.  On-Off  Switch 


Figure  1-21.     Roll  Film  Taki.'up  Adapter  Installation 
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aerial  roll  fllia,  a  roll  feed  «lapter  oust  be  Installed.    The  roll 
f^ed  adapter  consists  of  two  netal  rods  that  mtpport  the  roller  aitid 
clutch  artas  (Figure  1-20).    The  roll  of  film  Is  placed  between  an 
Idler  arm  ani  a  clutch  arm  and  fed  into  the  processor.    A  tension- 
adjusting  thumbscrew  is  used  to  keep  proper  tension  on  tt«  film  as 
It  is  being  processed'.  , 

In  place  of  the  roll  feed  adapter,  a  Miller-Holswatth  Magazine 
Adapter  is  oftisn  used.     (Figure  1-22).    This  adapter  allows  for 
white  light  operation  at  the  fe«l  enJ  of  the  processor.    You  may 
find  either  the  roll  feed  adapter  or  the  magazine  adapter  used  In 
the  field  as  well  as  here  in  the  sclwol.    Ttm  magazine  and  the  roll 
feed  adapters  both  allow  for  various  widths  of  film  to  be  processed. 

ROLL  TAKEUP  ADAPTER.    The  roll  film  takcaip  adapter  is  installed 
in  place  of  the  receiving  bin.    A  dryer  exit  roller  and  takeup  reels 
then  provide  continuous  takeup  of  roll  films.    The  outer  rims  of  each 
reel  rest  on  a  motor  driven  drive  shaft  by  moveable  collars.    The  drive 
shaft  turns  the  reel,  and  the  idler  shaft  permits  It  to  slip,  enmirlng 
that  the  reel  will  takeup  all  slack,  but  will  slip  as  necessary  to 
avoid  over  stressing  and  tearing  of  the  film.    The  motor  Is  plugged  into 
the  accessory  outlet  at  the  dryer  end  ot  the  processor  (Figure ' 1-21 ) . 

Operating  Controls 

FEED  El®  CONTROLS.    Following  Is  a  list  of  the  feed  end  contr«lv 
and  the  function  of  each.   (Set?  Figure  i-22). 


CONTROL  NOMENCLATURE 
1.  UKYfc3<  FAN  SWiTCU 
I,     MAIN  DRIVE  SWITCH 

j.    Ri'.rncN  ruf.i'  .swricn 


FUNCTION 

Controls  (|ryer  Ian  and  heater  rlrt  ultR. 

Controls  main  drive  motor. 

.-.uial   -ProvfiifH  t-ont  liunnis  t»prr«tli»n  o{  xv- 
pleninhcf  pimps. 
Autonuiilc     rruvldeH  ,iu t oran t  i r  op^Tation  of  n— 

()).•■  ■••.'•,.  r  pumps  t^v  tin-  thi' kni-Hs 


# 


DEV  KKCIKC  R'M?  SWl'iXlH 


Ci'Uiro!  >ifvt"i;';'fr  --fi- Irru  i  .U  Jog  pomp 
aiui  hi-. (tor  i  ir  ti  i  t  . 


3.     srKU)   lNDlCATi>R  LIGliT  SW 


tndli.ttor  aikl  i  1  o^iTOfter  h  . 


9  f )  •  > 


ERIC 


6.    SPEED  INDICATOR 


7  *     SPEED  CONIROL  KNOB 


».    FLOV*iETSl  TUBES 


9.    FLOWETEX  CONTKOL  VALVES 


10.    DW  TBMPBRATUSE  GAUGE 


U  .    R^LENISmENT  PUMPS 


INDICAm  LAMPS 


Provides  visual  Ireilcatlon  of  pro- 
cessor speed  In  feet/mlmite. 

Allm^s  ^adjuscsoent  of  the  speed  of 
the  film  transport  systeig. 

Indicate  the  flow  rate  of  the  devel- 
oper avd  fixer  replenlsliment  to  the 
processor . 

('untrola  the  flow  rate  of  the  fixer 
ami  developer  replenlsher. 

Visual  Indication  of  the  developer 
temperature  In  degrees  F. 

Indicates  that  the  replenishment 
pumps  are  on  when  glowing. 


\ 


DRYER  END  CONTROLS.    The  following  Is  a  lint  of  the  dryer  end 
woncrols  and  the  function  of  each.     (See  Figure  1-23). 


1.  DRYER  FLOOD  LIGHT  SWITCH 

2.  DRYER  THERMOSTAT 

3.  DRYER  SECTION  PILOT  LAMP 

4.  DAMPER  CONTROL  KNOas 

b.  DRYER  TQlPQtATUKE  GAUGE 

6.  DRYER  FLOd)  LAMP 


Controls  dryer  section  flood  light. 

Allows  Selection  of  air  temperatures 
In  dryer  sec  tion  up  to  ISS'F  (68.3''C) 

Provides  visual  Indication  that 
tiryer  heaters  are  in  operation. 

tlontrola  uini>unt  of  air  in  dryer. 

I'rovides  visual  Indication  of 
air  temperature  Jn  dryer,  section. 

Lights  up  dryer. 
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I. 

I. 
3, 
U. 
3. 


DRYER  FAN  Switch 
M4IN  DRIVE  Switch 
REPLEN  PUMP  Sw  Ifch 
DfV  RECIRC  m\.Y  Swiic-h 

llffilCATUH  LICHT  Swili  h 


t>. 
7. 
H. 

i( . 
It!. 
!  i  . 


bl'Efl)  INDICATOR 
SPEED  CONTROL  WWB 
FL(MtF,TB<  TUBES 
FLOWMETER  CONTROL  VALVES 
i)»:VEU)PKR  Ttinperntun'  Gaiigf 
KKPLENJSHER  PUMPS  INDICATOR 
IJ\MP 


Figure  1-22.    Feed  bid  Ctmirol« 


INITIAL  PROCESSOR  PRLPARATION 

Before  the  Vcrsanwt  can  be  „per.afd,   iiilU.«l  Het.up  must  be  per- 
formed.   Tliere  are  two  steps  for  thin  Hiiup:     Water  supply  nnd  power 
supply. 
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Initial  i-etup 

WATBl  SUPPLY.    Each  VwrsanaL  lias  Its  own  water  supply  and  mixing 
valve,    "nuj  w*it«r  »uat  be  curned  on  and  adjusted  to  5*F  (2.8^C)  leas 
than  the  dtJvelop*!r  taaperature,    Ti»rn  on  Che  water  and  adjust  the 
temperaturi*.    Before  the  power  can  be  applied,  the  laat  waah  Mnk 
nuttt  be  at  least  hail  tull. 

CAUTION:     TURN  ON  WATER  BEFORE  POWBR. 

P(HfBt  SUPPLY.    Each  Veraamat  has  its  own  circuit  breaker.  Turn 
uft  ALL  Bwltohts  on  the  feed  end  dryer  section  of  the  processor.  THEN 
turn  tw»  thlB  main  circuit  breaker. 


/ 


1.  DrytT  Flood  Light  Swliith 

2.  Dry^r  Tharmostat 

3.  Dryer  Thermostat  Pilot  Lamp 


4,  Datsper  Control  Knobs 

5,  Dryer  Temperature  Gauge 

6,  Dryer  Flood  Light 


Figure  1-23,    Dryer  Section  Controls 
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Systems  Cleaning 

The  physical  quality  of  processed  film  will  be  acceptable  only  if 
care  is  exerc^^sed  to  keq>  equipment  and  processing  solutions  clean  ami 
uncontamlnated.    Frequency  of  use  and  the  environment  in  which  the 
equlpn^nt  is  used  will  affect  the  type  and  amount  of  cleaning  required. 

PROCQ)URES«    Follow  thesu  steps  to  clean  the  deire leper  tanks. 

]«    Drain  all  developer  from  thv  procf^Hsing  tanks  by  opening 
the  drain  valves  on  the  developer  tanks. 

2.    Rmnove  all  crossovers. 

3*    Position  the  splash  guard  on  the  partition  between  the  devel- 
oper and  fixer  tanku  (tanks  2  and  3)  to  protect  the  fixer.  Kcasove 
racks  1  and  2  from  the  dove  lope  r  tanks. 

4t    Remove  the  developer  filter  cartridge  and  replace  the  cover 
on  the  filter  holder. 

WARNING:  System  Cleaner  cuntains  Sulfamic  Acidg  causes  burfia* 

Do  not  get  in  the  eyes,  on  skin,  or  clothli^*     In  case 
of  contact,  flush  skin  or  eyen  with  plenty  of  WAtet  for 
at  least  15  mlnuteH,     Fur  eyc-n,  gift  i^llral  attention. 

5i     Fill  the  two  developer  tanks  with  approximately  10  gallonn 
(37*9  1.)  of  premlxed  Kodak  developer  nystems  cleaner. 

To  make  a  stock  polution  ot   syHtcsnH  i  It  An^r,  dtwHolve  the 
rontentB  ot   its  cutUainer  in  three  galltinH  (11.6  1.)  of  water  at 
lOO^^F  (J8**C).     Prepare  a  w^rkiiv;  f*tiUftl<ni  by  dilutloK  «me  part  of 
Htock  solution  with  three  parts  uf  MU^^K  ('}-^°C)  water.     This  will 
give  12  gallons  (4'>,5  1.)  u*  working  solution. 

6.  Run  the  rt^  Ircul  at  iun  f^tmps  for  at   1  east        minutes , 

7.  For  normal  cleunlnKf   place*  the  rh»vrl  -per  r;Kkf^  ip  n  «lnk 
and  rinst'  with  warn  water.     Thv  lemperatui*      .f^'.   not  t'X4:i»Dd  120**K 

8.  Discoloration  of    the  roller  h  Ih  not  iinfrnt  4»  I .  •  but  built-- 
up deposits  should  be  removed.     In  ^asu  u!   extr^aae  oncrustativ^n, 

a  pla«tfc  abrasive  material  may  bo  u^ed.     Hpver  u'^**  ^reeJ  wool  on 
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«ny  pvocoMHM-  fArta*    Abr«8ive  cic&p&SB  should  not  be  uiod  on 

pol  ye  thy  Imob   o^r@<i  rollers.    A  rough  cove  I  or  cloth  •houU  be  uaod. 

9.    If  scubborn  chemical  deposits  roaald,  rotate  the  rack  drive 
gear  in  a  ciockwlBe  direction  and  apply  ays t as  clcttier  to  all  rollers 
and  side  plates.    Use  a  soft  brush  or  rough  cloth.    CA0TIONt  Wear 
goggles  or  ottwr  eye  protection  and  a  plastic  apron  when  using  a  brush. 

10.    Plush  the  racks  with  warw  water  and  nlpe  then  with  a  dasp 

Hpongt*  to  remove  nil  the  cleaner. 

U.    Repwu  stepi*  7,  8,  and  9  as  necessary  for  thorough  rack 
t  liianing.    Rack  c  luunlnK  can  usually  be  done  during  the  tlae  the 
cltmnsr  Is  circulating  through  the  developer  tanks. 

12.  After  15  olnutei^,  H».«p  the  ri*circulaCion  pu«p  ai^  open 
ulitt  drain  valvus.    Uapty  <itid  tlush  the  tanks. 

13.  Replijce  the  difveloptT  rackp  atui  fill  the  tanks  with  water. 
Turn  on  the  recirculation  pump  and  the  owln  drive.     (The  water  must 
ht'  on  Ln  thi-  machine  wlien  ih»f  main  drlvtj  is  on).    Allow  them  to  run 
for  about  five  minutes.    ReptJat  flushing  and  dumping  until  the  water 
shown  no  diacoloratlon. 

14.  Clean  all  rrossovurs  using  the  sme  methcNi  described  in 
attjpB  7,  8.  and  9, 

I').    If  the  proL-eastir  is  to  be  returned  to  service  ri«ht  away, 
th*'  Voraamat  must  be  filled  with  chemistry.    The  developer  tanks 
dtvi  tacks  must  be  Beasoned  before  film  can  be  run.    This  prevents 
"dlchrolc  ft^"  from  forming  on  the  film.    Dichroic  fog  is  a  two 
color  sheen  resembling  grease  or  oil  on  the  film,    Dichroic  fog 
can  be  reawved  by  rinsing  tte  negstive(s)  in  a  t^utral  solution 
of  Potassium  Permanganate  (1/2  gram  per  liter)  until  the  fog  has 
disappeared.    Then  Ima^rse  in  a  5%  solution  of  &idium  Bisulfite 
until  the  brown  permanganate  stain  is  removed.    The  above  procedure 
iMy  not  be  feasible  with  contimimjis  lengths  of  aerial  filtti  but 
could  be  usad  vh&n  select  prints  arc  required.    Season  the  tanks 
by  filling  them  with  half  water  and  half  developer  and  recirculate 
tor  live  mlnuteH.  After  thli^,  drain  the  tanks  and  remove  racks. 
Refill  the  tanks  with  fresh,  tertlfled  developer  following  the 
procedures  listed  In  this  SW  tor  Filling  Processor  Tanks. 

PREPARING  PliOT(X;RAFHIC  SOLUTIONS 

Mixing  Chemistry 

Photugrsphlc  solutions  must  be  prepared  in  a  systematic  manner 
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dictated  by  th»  cheaiical  formula  ut  piK^kaga  tnatnicttotui.  UMcUy 
the  OTder  in  which  tt^  leered  lent  s  are  added  to  the  solution  aatveo 
to  ptotKt  tfm  Integrity  of  other  Ingrediente  and  of  the  aolutlon 
itself,    A  developer,  for  instance,  whose  constituents  are  added 
In  an  order  other  than  that  prescribed  could  became  discolored  and 
practically  inert  due  to  aerial  oxidation  or  an  undesirable  reoctlooi 
The  taaperature  of  the  solution  and  the  stirring  method  are  of  equal 
Importance  and  are  generally  s{mcifled  with  the  mixing  order.  Each 
constituent  roust  be  thoroughly  dissolved  before  the  next  is  added. 
Usually  the  instriic tlons  will  specify  '^tiIx  until  clear"    but  there 
are  exception:!. 

Mixing,  anl  storage  equipment  must  be  nonporous  and  inert  to 
photographic  solutions,    GlasSp  hard  rubber,  polyethylene,  enameled 
steel  and  polyvinyl  chloride  (PVC)  which  all  meet  tlmme  requirement h 
are  used  in  smalU-r  labs  or  wtiere  cost  is  important.    Mofit  lofge 
processing  facilities,  Itowever ,  usi»  AISl  (American  Iron  and  Steel 
Institute)  Type  316  litnlnless  steel  for  ciU  solutiuns  except  'color 
bleach'*  Mlution  which  requiree  thv  use  of  ''Hastaluy  C"  stainless 
steel «     (Type  302  stainless  steel  is  not  acceptsble  for  use  in  a 
processing  lab). 

Mix  tanks  should  be  equipped  with  a  mechanical  stirring  device 
to  obtain  efficient  mining  without  causinR  excesaive  oxidation  of 
the  solution  during  the  mixing',  operation.     Simif  labs  mount  the 
stirrer  so  that  the  Ijnpeller  shaft  1»  at  an  angle  with  the  vertjlc«l. 
With  baffles  .ilong  the  *'uter  t-dge  ttf  the  tnnk,  ihcrv  in  nn  beatinw 
of  the  a.lr  Into  ihe  mix  i»r  vcirtexloK  of  ttit'  .Uquld  whlrh  wl  I  raunr 
oxidation p 

If  it  in  iK'i  i'Sff-iry  to  uho  i\u'  name  mix  t/tnk  tu  mln  more  thiin 
one  solution.  It    U  denir^ihit'  to  mix.  then  In  iiw  ordi*r  they  ate  aQ^i 
In  i\w  proceHH.     For  exiinipU-,  HLVfiopor,  »hcri  ntop,  fixer,  etc.  in 
thih  m«nm*r,   ij    ti.ici^s        tfu*    luTiiiii!  rt^nj/jj!i  In  l  !ic»  mlxlpg  tunk  «ftrr 
il  bcf-n  ciL'jnid,  ihtlr  vHa^i        tlu-  f^^llowfn^^  mi  lullon  L»  ml  nlm  l^ivl . 

The  mix  tank  and  stirrlnp,  ajjv*;  itur^  Hhould        r  iuf#iHl  tliorou^hly  «fii»r 
each  solution  usu.     Ail  etjuipniuut  muni  he  LhiiriiuHhly  ^  loaned  «fter  a 
fixer  SiUutii^Mi  is  tiiixevi,  p*ir  1 5eu  !;n  j  y  hrinrr  mixing*  nnrrher  di^veli^ipr 
solution      Mii»r  tlfniiimu  mix{n>;  '.'qu  Sp.u        Jirjld  bf  r  {iin^d  ifiri'C 
linjL's  with  :       wati  i  • 

Mix  thinks  jjiust   be  calibffjted   «o  ttinf  the  Vi^ltime  In  Hecurntdy 
known.     Thv  oiost    ;ommun  Tiethud  caiipuyed  by  iabn        lo         a  measuring 
device,  such  as  :»  ^^roduiittMi  eyUniler,  with  n  (Mpu  lfv  of  hflwe<*n  /ind 
10  porrent  of  tht^  capacity  of  the  mix  t^nk.     Thn  container  iti  fUJed 
to  tiu?  graduated  line  with  watt-r  and  emptied  Intn  the  mix  teuk.  This 
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{irmr^ura  la  rep^at^  antU  th^  d@alred  VQlusm  is  achieved.    The  solution 

U  thfiB  mi^kBitt  either  on  ttm  side  of  ^  t«iili  ^  in  A  fecial 
calibration  indicator.    Thla  i»  generally  satisfactory  for  most  solutions 
fiiito  f  tha  solution  will  bt*  diluted  to  the  level  every  ti»^,  tters- 

fores,  actlisvliw  a  good  degree  of  pr  eels  Ion. 

Certifying  dwointry  ^ 

CnrtlflcstloR  li'Hta  are  ccmducted  after  the  solution  hsfi  been 
htiHii^hi  la  final  vMihtmi*  at  roim  teraptTaturcs     The  solution  is  then 
ri'inixcd  aiu!  riampIfH  i.ik&*n.    To  eliminate  as  much  variability  as 
|U'HHihl»'p  rhv  fi*ufiplt«  will  bo  withdrawn  in  the  same  manner,  frc«a  the 
biuih   r^^ci  In  thf  tHwk  aiul  at  the  name  point  with  each  botch, 

ihtare  are  three  batfii.   leHtH  uned  in  certification  of  processing 


if    PhvHU-ai  I'ropi^rtU'B,  iumnUrlng  of  apecific  gravity  test, 

i)    Chiiittleal  PruptTtles,  conalNtlng  of  pH 

u    PriK-eHHiaK  Properties,   (Sensltumetrlc )  consisting  of  a 
tifst  that  evaluateti  the  fiolutlim'a  aiifct  on  a  piece  of  photc^raphic 
nui  t  i<r  Ik  I  . 

Thi*  spet  tl  Ic  gravity  test  1h  tht?  first  test  and  serves  as  a  quick 
ch€£ck  tn  determine  whether  the  bolutii^n  appears  to  be  complete  as  to 
ii  t  tU'nsity.    The  pH  test  can  tell  wh^it  the  overall  activity  of  the 
bi*lutlim  is.    Other  %est«  can  ht  performed  if  these  are  Inconclusive. 
Hi  weviT,  11  a  aulutlun  Is  oi  subHtaruiard  quality*  it  will  normally  be 
(U'tected  by  the  combination  at  the  specific  gravity,  pH,  and  processing 
properties  test.    Therefore,  pcrformluj^  a  complete  chemical  analysis 
on  solutions  that  have  been  certified  by  the  above  tests  will  net 
little  uHtifui  Inforni^itlun.     If  the  normal  certification  tests  are 
liuumr  Iu«lve,  or  If  ihv  Hulutiuii  Is  bt-l  leved  to  be  of  substandard 
quality,  it  may  he  desirable  tu  pt?r form  additional  tests*  The  addi- 
tional ttasts  may  provide  sufficient  Information  to  pinpoint  the  de- 
f  iciem^y,  aivi  thus,  enable  tht-  Holuticm  to  be  brought  into  standard 
by  ci>rr4icrlve  additions  rather  than  Ut  be  durapt?d.     Personnel  in 
cjuaiiiy  Asburduicfc  sliuuld  maintain  their  ability  and  state-of -readiness 
by  periodically  practicing  ail  uf  the  analysis  proc^g^rss  on  solutions 
known  to  be  certified. 

UKVEUiPtUi  CHtTlFlCATlON.    A  Hpecillc  gravity  test  l»  accomplished 
by  4  o^ASurement  thai  Is  indicative  of  the  total  aisount  of  dissolved 
iii^ll4s  contaim^d  In  tlie  developer,     by  definition*  specific  gravity 
is  the  ratio  between  the  weight  of  a  given  volume  of  a  substance  and 
the  weight  of  an  equal  volume  of  pure  water  at  bO^F  (1S,6^C). 
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The  use  of  tte  hydrc^eter  to  ac'.iffure  specific  gravity  has  already 
been  taught^    In  Block  II  It  waa  atlpulated  t?mt  a  correction  factor 
uf  0.001  unite  wuld  be  added  for  €?.ich  5**^  {2.8*C)  tonpcrature  change 
above  the  standard*    This  cornu'tlun  npplleH  tn  pure  water  only.  The 
coi!fflclent  of  expanslnn  of  a  H«>Iutlna  hfflvler  than  wnt^r  Is  greater 
than  the  coefficient  of  water.    The  Kolutlini  expaiuiB  more  on  hratlngt 
resulting  In  a  greater  change  in  spin  If  li  KravUy  per  unit  of  tempern- 
turi'  change*     Laboratory  resiMrch  tndl'  that  tho  thermal  rcirrerthm 

factor  tor  most  p^iotographlc  deveh^pcr  ».  J  l^p  hafhH  and  fUern  Is  very 
cluiie  to  0.003  per  lO^F  (S.G^'C). 

Temporary  standards  for  the  spe^  it  Ic  KravJty  teHtu,  the  siean  nnd 
i  imtrol  limits  (eg.  l.IO^  ^  0.(10  $),     an        based  upon  the  f  trst  15 
batchen  of  certified  Holutlon.     Thes<    m  itKlardn  are  lh<Mi  ref  ini'd 
periodically  i^s  additional  data  In  t.  Ili'  tiHl, 

When  the  upper  control   llriit   Is  ext  ct'*!iHl,   ttie  !n*lli  .ill<m  In  Llbti 
more  than  the  specified  amount  of  an  In^.r**!  ii-nt  wan  ailded,  a  wrong 
irtKredtent  was  addiad^  or  the  «ulutIoti  wan  fuit    diluted   t*'  t!ie  propel 
aniuunt.     Convirsoly,  when  tfie  nuMHurment  tails  below  the  lower  lliult, 
the  indication  is  tliat  oru'  o|    the  irt>;recUent h  may  have  been  left  out, 
a  wrong  Ingredient  was*  usedt  or  the  solution  waH  diluted  lo  too  great 
a  volouie. 

The  purpose  of   the  pll  test    if.  t  '  di-ti  rmine  wfietluM    thi«  developer 
hat  the  preper  alknllnliy  to  produc  the  prr^per  rate  c»f  development. 
T!u  pH  value  uf  dcvcU^pin^-  hoIuC  iuii-,  Is  eMrtgiiely  critUnI  Hince  1' 
is  directly  related  to  the  ablHty  <  t    the  dcvelop^-r  a^'a  nt  fo  -i-duce 
tile  sliver  hallde  to  meialllc  silHer,     iti*    j!!  va' uch  of    trenhly  mlxe^i 
.li'veloping  Miotic  lofi^  will   ^•enora  1  1  y^i  .li  f   mi  .  I  iS^r  .i^,r '-mcMit   with  un" 
another.     If   t.ho  ival  iation         i   'U'lutliMi    .inpU'  pri?vef4  to  fu'  out  v\ 
viUUroi  on  two  consciAitUx    tt^si.;,    it    Is    i  Mr«Mi>»    !iid  1  i  it  lop.  that  a 
riajtjr  error  twin  iu'cfi  luaai    iu  mcai'^urluK  »»ih-  or    nur"    »t    ihe  t  tiniit  1  tuent  h 
or  in  the  mixing  »  r  iiii  aii^n  ot    the  statJiitMu 

The  processing  j^ropertion  Lif    a  developer   !«  a  sensltcrpetr  Ic 

teyt   perfortnoa   todoteralno    i!     i  t  i  e     I  v  i-;  i  xe**  *jevri,'peT    Molotion  will 
ptoJjie  the  .leslreci  phot  o^^r  ai  ii  1     ctfc-t,  -^t   •  *  .irof  u  1  I 

d.'VelonlnK  a    »iMi?^lt  'tnest  w    sti  ip   iii   ■\  s,mjp  '     '  '    t        icv*  ^pei   he  ir.^. 
ev.iiurtted ,  a'  I  .  i^rn- tr  1       the-  r»Hults  .o'.aluN^    i  lea   Nl;oid*ird  tt^determi 
a  the  soiuti'?n  m^^i^^   t  lie  ;  er  t  i  t  i'lat  i^Mi   re^u  1  t  im-^mh. ,     \  itlpjily  repi'.-it- 
able  pruceBr^inn  ne*' Ini  i 'I'l**   1h  iiuiuiatiOv,      Hu-  evalu^*l(M    w!!  ire^;a<TMv 
detect  fault-*^  that  may  or  niay  not  In*  Indiiaiid  i»v   .lu'  Mthr:  le^ts. 

TiiC  processlHK.  1^5  i>erfornied  In  one  id  three  dJtterent  wayH.  Tlie 
most  common  lb  tlie  ASA  ttay  inetliu^l  whiv  h  Uis  been  i  over'^d  in  the  laMt 
block-     Probably  the  nK.*thod  usihI  ♦nura  frequently  In  to  utie  an  mtual 


h3v».  a  sp«cUl  processor  called  a  "Dip  Test"  or  "Sensitometric"  pro- 
I'eaiwi:  which  tlwy  uHii  Cor  this  iRirpoae. 

CKTTPICA'flON  CF  FIXtlfe  HATHS^    Urge  <p»jntiti««  of  uwxpoStti, 
undaveloped  silver , ha  lid  et»  remain  in  the  emulsion  upon  termination 
of  developaent.    In  order 'to  obtain  a  penaanent  lijiage,  they  oust  be 
removed.    A  fixing  agant  cheolcaUy  reacts  with  the  sUver  halide, 
which  la  not  soluble  in  water,  and  converts  it  to  a  water  soluble 
complex. 

•     Ttu»  Hn,.(  lf  L  Ht  -ivity  tfHt   iH  ustHl  prtroarlly  to  detect  gross 
otljtlng  errur»,  tmpru|>»!r  dUutiotv,  and  Inadequate  mixing.  ■  It  Is 
quit*?  Bennltlve  to  deltitlonfi  or  incorrec t  .amounts  of  sodium  or  7 
drnmonlum  thlosuifatt-  since  they  constitute  a  major  portion  of  the 
tio  lutlon. 

Tht  pU  uf  flKlu^;  H.iUitl.Mir.  in  i  mi  ital  ive  of  the  concentrations  of 
acetic  acid,  borU   acid  and  vithcr  buffering  agente.     If  the  pH  of  a 
I  Uer  Is  too  low,  colloidal  hulfur  will  be  forratsi  which  causes  stains 
un  Lhf  efliulaiuu.     h  th.-  i>H  i.--  tou  hi«h,  a-Hludgc  of  aluminum  phosphate 
will  be  lorBifa,  decri.dHlng  ilu-  hardi-iilnt;  properties  of  the  solution. 

Tht  prtK-esslug  propertleH  test  of  fixing  bathK  l.s  simply  a  check 
cii   the  time  rt-qulr^'d  i<»  1  Ix      H^unpU-  of  r  iw  stock  material  properly. 
■  'HilH  L«8t  iH  baswi  upiu  t^if  .  Ifariug  tixnf  which  Is'defined  as  the 
time  r«qulrvd  for  tlu-  film  to  be  fixed  to  a  point  where  there  is  no 
vlHible  sign  of  silver  halide  remaining.     Actually,  5-10%  of  the 
halide  remains  Invisible  at  this  point.     The  general  rule 
iryed  in  most  labs  is  that  the  total  fixing  time  be  twice  that  of 
the  clearing  time. 

y 

Filling  Processor  Tankrf 

To  prepare  the  tanks  fur  filling  with  chemistry,  the  following 
tftups  must  he  taken. 

1.    Clobf  tlu'  drain  valves  (five  in  ail)  located  at  the  bottom 
ot    tlic  fixer  and  developer  proi." easing  tanks. 

1,     InHtail  the  Nimber  1  rack  id  the  Number  1  developer  tank. 
Fill   the  Number  I  aiul  2  developer  tanks  with  developer  to  the  fill 
line  visible  in  t^x;  lumber  l  lank,  uning  a  suitable  container.  Carfefully 
lower  the  Number  2  rack  In  the  I*irabfr  2  developer  tank.     Install  a  tkw 
developer  filter  in  the  filter  holder. 

3.     Place  the  splash  guard  betwi  n  the  Number  2  developer  tank 
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atvi  the  Number  1  fixer  tank  to  help  prevent  contamlaation  of  the  da- 
vuloper  solution  when  filling  the  fixer  tanks. 

4.  Install  the  lumber  3  rack  In  tt^  Nutaber  1  fixer  tank.    Fill  the 
fixer  tanks  with  fixer  solution  to  the  fill  lln  o  visible  in  the  Nifflber 
2  and  3  fixer  tanks  using  a  suitable  container.    Carefully  lower  the 
Number  4  and  5  racks  in  their  respective  tanks. 

5.  Install  the  Number  6  and  lumber  7  racks  In  their  respective 
tanks.     Be  sure  all  racks  are  firmly  seated.    Ranove  the  splash  guard. 

6*     Install  the  entrance,  intermediate,  and  exit  crossuvers 
working  from  tlK  feed  eml .    Make  certain  that  the  positioning  studs 
are  properly  located  in  the  tups  of  the  racks  and  that  the  ^ears  are 
en)t»,aged-     Install  the  squeegee  assembly  and  fay^ten  In  place  with  the 
spring  clip  provided. 

The  preceding  procedures  for  filling  the  prcxressor  tanks  are 
appropriate  after  syst'an  cleaning  or  when  the  chernistry  has  been 
dumped « 

PROCESSOR  OPrKATION 

Preoperational  Check 

A  preuperat  Umai  check  niust  !k»  iOfidiu't  ed  before  machine  fitartup 
it:  accomplished.     Failure   to  nwikc  pri'pfr  startup  c  hin  ks  cmild  repti*  - 
ill  damage  to  the  processor  ^^r  give  a  lalne   indict  it«n  i»t    the  nifi  -hliie'^ 
rt'l  iabi  1  i  ty  •     Frt-o^vra  t  lenal  ^  heckn  will  varv  inm  on*   r^aihlne  to 
atu>tfH-r,     Her.'  are  sonu*  r1    the  m,{  h>r  poi^Ms  fit't  <   be  rormidrr't! 

t  ( 'r  anv  mac  h  Lne  . 

i.     Make  certain  rhat   jm^u  i  i>t^s«"i?    is  KJ"^>*nined  properly. 

parts  as  gears,  diivu  b<aith»  uii.     Mia:;,   tti  - 

C!tun*k  r>  ';u*i('r.  !t  V(  1*^   in  pr *u  t- 1  •  h  ;iu    tar.ks  and  rcplrn*- 

4.     Cfuvk.  cleai'.'iini-.s.s  oi'  a'.!   rullt'rs  .iPf!   h«{u«' ov,ch's-   llvit  mjtnvilly 
operate  in  the-  dry  sr.atP  -  clean  It  dirt  v. 

3.     Check  machine  rni  ks  ami/or  olev.iturs  for  rli'/inl  incss  -  clean 
if  dirty. 
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fc*    Check  tu  -ii\mir«  that  ali  roLlera  ami  other  aoving  parts  are  _ 
D^ily  Startup 

1.  Remove  crossover  rackB  and  chi?ck  for  cleatUiness.    If  necessary, 
clean  with  warm  water  (nut  over  120"F  or  49**C), 

2.  Ct^ck  racks,  gears,  chains*  and  the  general  cleanliness  of 
th^f  machine.     Clean  as  requlrt*d, 

3p    Check  Holui  hm  IfvclH  In  rvpli'nlsliment  tanks.    Fill  If  needed* 
A,    Ri^pLactf  .;r<i6sovir  r.ickH  -  scat  properly.     (Entrance  rrossover 
muHt  he  dry  befi^re  film  i.s  nroci'ssed )  » 

5.  Make  Hun»  siUuT  rf'4«v  ry  cartridge  Is   In  plaro* 

6.  M«ke  siirt*  all  swltrhi'H  nrv  In  t  ho  OFF  position.     Turn  the 
speiitl  contn>l  fuli.  Cimnterri o{  kwlsc. 

7.  Turn  on  watt-r,  adjust  tu  ^"^F  (2.8''C)  lesb  than  the  desired 
developer  tempera  Curt*  (iIev€*lopt*r  tt^perature      85**F  or  29. ^^'C), 

8.  Turn  l^N  main  nnwer. 

Turn  main  drive  nwlt^  h  UN  (CAUTION  -  Make  sure  speed  control 
is  lull  ^oiint ercluckwise  before  turning  on  main  drive).  Adjust  speed 
CO  live  fi«n  (l.S  ropm).     Cht-ck  all  moving  parts  for  proper  operation. 

10.  Turn  dryer  ON,  adju.si  thennofitat  to  required  ttanperature, 

11.  T\irn  ON  devehiper  nn- Ir.  u  lat  li>n  switch. 

12.  Turn  repleaLsjK-'r  pump  Hwlttli  u>  ALiTO.     (Set  flow  rate  with  the 
Hwltth  fn  the  MANUAL  position  first). 

ri.     Cheek  N*.Uutlun  temperature  with  a  prtvess  thermcstteter.  When 
(ujrrert  temperature  1h  rt»/iched  ♦  rertifv  the  chemicals. 

in  addition  ti)  the  above  d.illy  slarttip  procedures,  the  film 
detee tor /replenishment  system  and  the  feed-cray  alignment  should 
be  v' becked. 

FILM  DKTKCTOH/KKIM.KNISIWF.NT  SYSTIM  (:iitX:K*S.     Proceed  as  follows 
to  eiieek  the   thickness  detection  switches  and  the  replenisher  pump 
switch  and,   I!  necessary,  have  inalntenanee  technicians  adjust  these 
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switches: 

1.  Place  the  REPLEN  PIMP  swlt«  h  in  i  he  ON  AUTO  position. 

2.  Insert  a  single  piece  uf  nnrmal  fhltknesH  film  (approxlaately 
0.008  Inch  or  0.2  ram)  approximately  1  inches  (5.1  tm)  wide  between  the 
detf*.  tor  rollers. 

J,     The  replenlsher  pumps  yhuuld  start  when  the  t  llm  is  insertetl 
and  the  "feed"  bell  should  rln^.  approxlmiUely  }  stvnnds  after  the  tralJ 
ing  edge  or  end  of  film  has  passed  the  dete(t«'r  rollers.     If  the  pumps 
.ind  bell  are  not  »jurking  proi>erly,  adjuwt  tlK>  replenlsher  pump  switch 
t>y  Inserting  the  flim  strip  at  inie  end  of  the  deter  tlnn  rollers  and 
turning  the  square  adjusting  nut  slowly  until  the  pumps  junt  operate. 
Move  the  film  to  the  other  end  ;md  read  jtiKt   If  necessiry. 


NOTE:     The  swltcij  ad.)ustmen#l.-   ma  Inl. lined  by  BprifiK.  tension. 
Turn  the  nut  clockwise  fo  rai  -e  the  swlti  ii, 

4.    Check  the  thickness  detection-switch  ;uljustment  by  InsertinK 
a  double  thickness  of  filjn  between  the  delect  ion  rollers,  tlrst  at  one 
end.  and  then  the  otiier.     The  detection  l-u/.zer  should  swnd  at  both 
film  positions.     If  the  huz^er  is  n.-t  wuiklii^;  properly,  ml  Just  the 
detection  switches  by  innertlm-.  the  .loubl.-fllm  thickness  at  one  end 
.M    ih.-  detection  rnllers  and   lurnim    t  Ik-    ^qu-u  t—ul  Just  i  ng  nut  until 
the  buzzer    nisf   oporates.     Then  tiK.I'ten  tli.'  -id  ju-U  ing  nut    1/6  of  a 
turn.     Mov«..'the  f  i  !iu  to   Llie  other  end   .in.'   .ul  jiisl    Ih.-  .-t  her   switc  h 
necessary - 

Ncvn;:     During  .ui  iustraent  I't    ihi   r  id.  kiir:;;-.i<t     t  ion  HwUches. 

Uk-  r.'plenisluT-ini;-ip  swlti  li  -h.-u  1.1  b.-   i';   its  OFF  poslii.-n 
to  .ivoid  nniui  ess  ir  V  rUartiiig  .md  sl..i'pi"r         t''^'  PuniP^' 

A!.H'N«'ll-,N'i  .     f.hi  c  k  Uu    ieeii  -tt  .iv  .inKnruT.t   witii  an 
8  X    lu'imn   U'(K!  n  -l-er!.  ,-1    lib'..      r'^e   fh-   M  Iffl  on  I  h-  fetM 

iray  and  slide  ii    n-rwani  uni  i  •    ii  ivnt.ni.s  lit-   icli   lion  rollers, 
fhcck  ttiat  the  lilm  squ.irclv  runia.  '  •  the  rtfThrs.      If   nut,  loosen 
the   tiurnb  :u  reus  lu-Ming  th.'  Iwc-.i   tr-iv  r,-^.   wfh  t        I  i  !  ni  held  firnlv 
.,^,,.i„-.l    t.u-  .id.    •.niJe,    ..H,ir<.  the   i.'adiu,        ■•     -f    t ti!n-,  with  the 
detection  !•  !1.-r.s    uni   tigh.teii  I  in.-   thumb  Svri-ws, 

Daily  Shutdovn 

1.  Decrease  machine  speed  to  3  fpm  (i  mpm). 

2.  Turn  dryer  thermostat  OFF»  remove  tcip  u!.!  side  rovers  of  processor 
J.     Replenislu't  in^mp  switch  OFF. 
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4.  Developer  recirculation  bwltch  OFF. 

5.  teaove  arel  clean  all  crossovers.  (Iteter  not  owr  120**?  or  Af'C). 
6«  Wipe  dcnm  aachlm*  tlu^roughly  with  a  daop  sponge. 

7.  Replace  crossovers* 

8.  Dryer  fan  switch  OFF.*  , 

9.  Main  drive  switch  OFF.** 

10.  Water  OFF.** 

11.  Main  power  switch  OFF. 

12.  CXwck  michine  for  cleanlimfSH.    Replace  all  sides  and  covers. 

*    Dryer  temperaturi*  shuuld  be  IQ0**F  (37.8**C)  or  less. 

**    Do  not  Lull!  water  off  with  main  drive  on,    Dom^c  to  pump  of  water 
conservation  kit  will  retiuit. 


Prev^^ntlve  Malnt e\unu  e 

T)ie  Technical  Manual  t^ir  iiperut  ion  and  service  of  the  Versomat 
rUm  Frocfessor,  Mtwlel  ILC-M,   is  TO  IIE5-2-12-1.     This  publication 
covers  the  daily,  weekly,  and  monthly  maintenance  routineSi  along 
with  periodic  cleaning  and  lubrication. 

The  following  items  are  listed  as  areas  of  CAUTION  and  HARNINT- 
during  various  nuii  hlne  £unL*tiuus: 

J.     The  Kodak  Developer  System:i  Cleaner  contains  sulfamic  acid. 
Avoid  contact  whlU*  using  this  chemical. 

2.  A  10  percent  solution  of  sulfuric  acid  is  used  to  remove 
rhemicfll  deponits  from  the  flowmeter  and  check  valve.    Mix  in  ati 
open,  uncongested  area,  and  avoid  ccmtact. 

3.  Take  extreme  care  not  to  get  any  oil  or  grease  on  the 
crossovers,   racks,   in  the  solution  tanks,  or  on  dryer-^transport 
rollers  and  air  tubes, 

4.  Chain  tension  Is  ijnporlant  and  m.iy  be  adjusted  by  loositolng 
the  chain  idler  stud  and  relocating  the  assaibly. 
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DAILY  MAINTENANCE.    EBsentlally,  Lhe  bulk  of  the  malnteiumce 
responslbilicles  centers  abinst  keeping  the  Versamat  processor  clean. 
For  snrae  parts  of  the  processor,  cleanliness  Is  a  dally  task.  Each 
time  the  processor  Is  shut  do%m,  ramve  all  crossover  assmblles  In 
the  processing  section  and  wash  thi^  with  warm  wiiter.     Wlien  deposits 
arc  seen,  use  ;\  soft  hnish  to  retmivt'  thvm.    Wipe  down  all  rack  rollers, 
above  the  level  oi  vmh  suliitlon,  with  n  clean  dnitip  spcmge.  Finally, 
wipe  e  lecin  tlie  teed  fi^llers  In  the  entrance  roller  assembly. 

In  addition  to  the  i  le.minp,  *  l^^rcn  Just  deHirlbed,  cheek  the 
loltiiwinK  Items  daily: 

CI  Flowmeter  sett  lags. 

o  Temperature  ol    the  developer  solution, 

o  Wash  wati-r  temjvrature . 

o  Replenishment   level    in  t\w  storage  tank. 

o  Leader  material  for  excessive  wear  or  tears. 

WEEKLY  MAINTENAI«:K.     /Vfter  one  w^ek'n  pfcxlurtlon  runs  are  com- 
pleted, shut  dowo  the  Versanuit   proeessor  and  remove  the  roller  rat  ks 
and  crossover  assembUes  for  wash  inn  'Uhi  wiping,  down.     Re  sure  to 
-remove  all  ehemli'al  depi^sltr^  t  nm  the  sUit  s  ol   v:h'\\  rac  k,  around 
the  K^'arti,   and  t  ro;ii  (he  t  hain  tlK^htener^.  -  Turn  eai  h  roller  by  ti  ini< 

see  It  they  rotate  irt^ely.  Kiini'V*  iiiv  slaek  hy  iMjuHilag  Lite 
chain  t  i^',hteners.  Alter  i-heekluK  eat  ti  i  a*  k  for  twists  or  hends, 
replaeo  ttiem  an  t  .  htu  k  tfie  >v*'«rH  to  n^ikt    -t<f*    ft    pr  oper  seating',. 

txamine  all  tUenii^ai  s^lulfiMis  Sn  t  Ik-  prot  iviSor  i  nr  clarity. 
Determine  if  any  !i>reU;h  particles  are  present.  To  nee  whether 
t!u»  solutiims  .ne  heub;  rir  i  i  .  n  1  a  1 1  d .  turn  iui  r  !ir  ptinip^4  and  watelt 
I  ht  svn'iatc  oi  ..'luilon  tor  turlniletue  whi.  h  ItulhMles  that  the 
pumps  are  'peralinv.  ptopt-rlv.  N*ext,  1us|v,h  I  the  air  tiii?es  to  the 
ilryer  tnmp.irtimni  tu  see  wUeilui  iiiv  *'l%»KKlng  has  .ucurriNi-  Call 
tile  ma  intv^nant  i'  se.'tion  it  nn\  ol  ihi*  I  1 1  m  art-  p]u>^,^ed.  At  this 
tinu',    it  w.juhi  \h  tu  ex.unino  i!ie      i  •  •  p.     'VrrlnK  the  air  Intakr 

for  the  d^ver  (  omparirmMU  1o  see  wh^'lluT   Uu-  hi  rwn  Is  i  jear  any 
obstrui!  t  liMis  • 

Buth  the  daily  clieck  and  the  weekly  cleaning,  ^trv  Ijnportant 
tasks  vhlch  are  routinely  asslRned  to  tfw*  operator  of  the  Versamat 
proeesfior.    The  operator  also  maintains  a  log  nhoei  ot  minor  diffi- 
culties that  he  may  have  experlcMiced  eitl^r  during  the  MtKitdown» 
or  during  production  runs.     Purpose  of  tiiln  lug  1h  to  aequalnt 
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wiintimdiice  pdrnuniteil  ylth  Ll^^  diCf  Icui  t Leu  which  v^tilU  Cheii  aid 
In  tfm  rmpmit  or  atfjustowttt  of  the  pri^esiwr. 

MONTHLY  MAINTENAMIE.    MuitLhly  laaiiitenaiice  is  perfuraed  cuiKurrently 
with  the  weekly  malniename*    Moifthly  mulnteiuince  will  also  Include 
cleaning  the  in'oceswr  tanks  (it  neceBHiiry)  ami  cleaning  the  replenlsher 
ind  recirculation  systeft.    Any  scheduled  maintenance  should  be  performed 
at  thla  tlfitt!!  also. 


PR(H:ESS«1  CHITIFICATION 

PriHiesftlng  facilltieB  arc  t'ntrnrttt»d  with  the  critical  responsibility 
ci  prucesslng  fllroi*  In  a  manacr  th4iL  will  minimize  the  possible  loss  or 
diHtottlon  of  the  liif iirinat i«>iu  1  ttiiittnil.     Btnau^ie  the  facility  often  has 
luily  one  chance  to  prm  e»B  tlu?  material,   It  Lb  t»ssentlal  that  all  possible 
precautions  be  taken  tu  tonsure  that  tlu-  material  Is  competently  handled* 
The  premlsHlon  certlt  icat  Itm  uf  procentK^rti  Is  performed  prior  to  pro- 
cesHlog  any  original  or  dupiicaie  film  to  detect  conditions  which  will 
(emi  to  degrade  the  Informa clonal  content  of  the  prcKeaaed  Iny^gery. 
Mmhlne  certlf ligation  cunalst^  uf  three  major  areas:  mechanical, 
chemlral,  and  sensltometr Ic  certifications. 

Mechanic  al  Cert  It  lent  lou 

There  Is  nu  room  for  error  in  any  operation  cor^ucted  by  a 
contiiUiiuiU  photoproc easing  laboratory.    Much  of  the  laboratory 
equipment  used  Is  highly  sophist  lcati*d  and  complex,  specific  pro- 
cedures must  be  followed  carefujly,  and  personnel  must  be  proficient. 
If  yuu  were  the  pilot  of  an  aln  raf t,  you  would  follow  a  prefllght 
cheeklist  to  make  ^re  that  al  1  Instruments  read  normal  values  and 
that  all  controls  are  operable.    During  flight,  you  would  continuously 
monitor  your  Instruments  to  minimize  the  possibility  that  something 
could  go  wrong.    During  and  after  landing,  you  would  follow  anothe*" 
chi-tkllst  to  land  aiid  sfuit  down  tlie  aircraft.     Such  tecluiiques  axe  aIso 
appropriate  to  photographic  eqult«nent  and  procedures.  Mechanically 
certifying  a  processor  requires  that  you  process  a  scratch  test  atid 
verify  all  functions  before  mission  film  is  processed,  , 

SCRATCH  TEST  PRIS)UCTI8N.    During  m.ichine  startup,  you  are  in 
reality,  certifying  that  all  prot  etisor  systems  are  operating  properly. 
Li  unusual  noises,  or  Inoperative  pumpn,  motors,  etc.,  are  found,  they 
are  repaired  or  replaced  beTore  processing  begins.     But  just  because 
aJ 1  processor  systems  operate  properly  does  not  guarantee  that  the  pro- 
duct will  be  tree  of  physical  defects  produced  by  the  processor. 

Basically,  mechanical  certification  consists  of  processing  a 
quantity  of  flash  film.    Flash  film  Is  raw  stiKrk  that  has  been  exposed 
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to  slaulate  the  overall  density  of  mission  film  (usually,  a  density  of 
L.OO  to  1.20).    If  any  defect  that  could  have  been  produced  by  the 
machine  is  evident  upon  examination  of  the  flash  film,  the  machine 
Is  shut  down  until  the  cause  of  the  defects  can  be  fouml  and  corrected. 

EXAMINATION  OF  THE  PROCESSED  FLASH  FIW.     It  is  checked  for 
developing  and  drying  streaks,  developing  mottle,  scratches,  abrasions, 
pinholes,  etc    The  presence  of  any  such  defect  Indicates  that' the  pro- 
cessor iH  not  operating  as  It  should.     As  .m  example,  drylnR  streakn 
could  result  frcm  two  ccotboh  sourceH.    TheHe  are  inprnper  squeegeeing 
or  blocked  airflow  in  the  drying  cwnpartratait . 

SCRATCH  TEST  ANALYSIS.    The  defect  most  often  found  during 
mechanical  <:erttflcation  is  Hcratches.     The  cause  of  s<  rate  hes  Is 
also  the  most  difficult  to  fitKi.    After  processlnR.  the  scratrli  test 
-could  contain  scratches  from  a  number  of  sources'.     Some  of  thcHc  are 
the  printer  used  to  expose  the  film,  cinching  thL-  film,  the  pmcesslnR 
migaEine,  and  the  processor  itsi  lf,  only  to  niime  a  few. 

The  method  most  often  used  to  determine  if  the  scratches  are  pro- 
duced by  the  processor  Is  quite  simple.    This  method  consists  of  cutting 
a  short  length  of  the  flash  film  from  the  center  of  the  strip,  turning 
it,  and  respliclng  It  into  the  strip  befc^re  pruceHslng.     Tlic  degree  of 
turn  may  be  either  90°  or  180**.     There  Is  one  dlMadvantage  to  both  turnn, 
Iwwever.    On  the  90°  tuniri,  the  Icngtli  of  film  that   Ih  spliced  back  Inti. 
the  strip  must  be  the  exact  width  of  the  f  1  wh  film,    riuring  analyslw  of 
the  180°  turn.  Homv'  scratches  not  prndut-ed  by  the  proceSHor  may  mnt  ^ 
perfectly  and  falsely  imiicate  that  they  were  produced  by  thn  proceHsor. 
In  most  cases,  however sera tches  «mi  both  turns  that  .ire  continuous 
mi^ht  \\\Mv  been  produs  cil  by  tlu-  pro^c^^s.l^.     AM   .-tlw-fs  may  be  ip.nortni 
duriiH;  processor  i  t-rt  If  U  at  1  on . 

Another  cert  11  ication  funitlon  that  munt  be  performed  prior  tn 
processing  mission  film  doal  i;  etitlrcly  with  tnc  qualify  of  the  pr<»- 
v:esslng  solutions.     Wliiit-  t'lf  .malyji:;  of  -horoltal  cer  t  lflr.it  Ion 

data  iii  the  responsibility  ot   'p.-iHty  afiNur .uui-  ptrHotujel  ,  you,  a» 
the  operator  ;irc  rcsponsihU-  lor  pi.  vi.iliig  the  nivessii  y  Input  data. 

Chemical  i.ert  if  h  .ilit'n. 

Both  tiu'  developer  and  fixer  must  i.f  icrtif  l.J  pr  ior   to  t^r^i  esslns 
mission  film.     Such  checks  as  \^\\  and  npei  if  Ir  sr-ivUv  mav  hr  made  h 
day  during  startup.     Scsne  laboratories  also  pgrfc^rm  thcr.c  .  iui  ks  nl 
regular  intervals  during  the  d.iy  or  after '.i  nlven  qnantitv  of  film 
has  been  processed. 
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^  twMid  Of  MdK^  In 


4(ifi  foUi  to  bo  franiporftd 


ntm  ctcm  Ml  frfimt|K»it 
in  drfrn  comportiMnf* 


low  roeirarfot^  roto. 


nbft  not  fo^ig  ^tfoffo.  Qmidcri 

I^BImiO  RW  ImCUIOH  tWIfCIlM 
w  rOnOf  traOflMHy  iOf« 


Rock  choia  Hio  toM« 
D«¥9(op»r  iolufipn  fon^^oturo 
too  hi^ii 


S<4utioni  impfoporiy  mlxod. 


foomy  dovtlopor  iduHon. 


Tocky  fltm  mrfcKM  cotnod  by  on* 
co«itv^  K^h  fiMi^Mronm  of 
•i*ifi9  foiwtiofti  ^  wo^  wot«r* 

Improptriy  mlx^  <UlMto<t 
procoMlf^  lolutimi. 


Obtfruitiom  In  loiiiriofi  pump,  hoot 
o«d^i!ftf^  or  ttMfig  of  rodrcviotton 
•yMoifi* 

In  roeirciitoitten  ^m|i,  tvMn^ 
Of  ronntctionf , 


Adfiftt  food  W0if»  RoiMvo 
A^u^doiociOf  loH  mofiAlyt 


i  THM^tofi. 

I  C«rrocf  byt 

I     1 .  Rotof  thOfRi<Hfot« 

I     2,  Tl^tOfi  thormi^ot  movntbig 

j  tCfOWt. 

I     3*  Frta  ffwiTH»fot  pto^y. 
4«  M^tffc^  ihof  ifuiniot#r« 

5.  Cteck  lolvtiofi  Ofid  wffiBf 
tMifMHOfuro  nrftfc  tong  Mom^ 
iMd  fbofinoiwior* 

6.  Allow  froth  loHittoiH  timo 
to  coot, 

7.  Turn  on  wottr  uippty.  Chodi 
If  ralvoi  oro  opon, 

Corrocf  byi 
1 .  C^ntnQ  ond  rof^ifng  wHh 

propoHy  mixod  toki^Mts, 
2  Chocklf^fc^looblohMt 
ondion^. 

Chodi; 


1 


P%mp  intcdio  for  crfitfn^tbnf 
Of  io^. 

SoiiiHofi  lovob  k%  tefikt  boforo 
mochin*  ^rfup« 
Tdbing  of  rodrculoNoff  lyftom 
for  kirdei  or  obftn^Hof^ 
ftcarings  of  rtdrcvtetiofi 
Impoilof  for  W9ar, 


$M  corr«€tN«  romodiii  f  cn^  thormo- 
itof  od|iitlmont«  obov9. 

Chack  for  l«ok  in  twat  oxdHin^r, 
Droifi  ond  reflH  with  froth  poppiy 
mljiod  lolMfioot. 


R»fno¥t  fori  Ign  porfictot  ckion  1 
wHh  tyiioffl  ctemof . 

Cofitoct  inodntofiof^  d^op. 


ScrotdM  M  fUm. 


C^ryof  olf  f  4^  oof  tMtod.  Gukte 
1^  1^  ok  h4of  ofo  mteS^^ 


Into  l^dt^^  pojlflon* 

CAmbUH^^AA  IftAiftA  Jkljk*  ^MMB  J^M^AAM* 

iniiH||tiivfi  wnr  pinv  Qno  cbittwtiT 
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TROUM 


Sfreoki  on  film. 


F^f8«d  film. 


tntwff  icitm  fUm  dtnfity. 


Dirty  riltf  ^  oif  fube«.  Drytr  earn- 
f^rrhnmf  fen^erafiift  too  li^. 


L^f  tocAing  rtirough  torm  on  pro- 
cotritiQ  socMofi. 

Devol^»or  confoHnofod  by  f iKf r. 


Davolof^  tomperofure  foo  High. 

D^vdoper  replenMier  incorrectly 
fofiT^ulot^d. 


Dovol^;>^  fom^fofuro  foo  low 
Doveh>por  cixhovtYed. 

EMiiftod  or  knprof»erly  tntiitd  de- 
vffiopor  toiution. 

0(d  or  exhoust«d  replenfthmofit 


Cbon  ti^m  wH»  mrm  into^. 
Adiv^  fmtporafuro  fOflHvg. 


t^n,  rlr^  lOfAt  ^  foM  wHh 


Chodi  rofo. 

CHodi  ofNl  cNffuit  iHonfmifQf  toning. 

Drain  on  "J  rofilt  tforogo  fOfA  with 
^vfion  mf«od  occording  to  diiK- 
f  iont  on 


CHedi  o^d  odiimt  fHormMW  tifrhiHI. 
Chock  ro^onfiNmnf  rolo  «^/^ 
mix  froth  loHffton, 

Chock  f  ^  ^  in  h^  osdiongor. 
Drain  ond  rofttl       <fa»otopor  mlxod 
Qccofdtng  fo  pMk^f  diroftiom 

Drain  and  rofiil  with  froth  totutkm. 
m't«od  ^cor<Mng  to  pooko^ 

dirt'.ilont 


Troubleshout in^ 

To  silvn^o  the  film  when  trouble  uo'v.rs  while  the  Versamat  is 

„„„.Ji«:!  r:;,..:  turn         U...  P<.«.r.     :  ....-aa  U»-».  rro- 

cedures: 

I.    I'ull  a  croBsover  assuiably  Ju-U  .thaad  uf  the  malfumtion. 

7  ««.ove  the  f tlt8(s>  at  thip  paint  to  ptevcnt  further  pUeup. 
Th.  Al^s^TVnocL  ai  place.,  in  . a  tray  of  w.tcr  which  prevent, 
their  sticking  to  each  ottwr. 

3.    Clear  the  processor. 
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-t.    RelatroiUicf  th«s  film  Intu  the  prbce«»or  at  the  point 

Any  malfiimitlon  In  the  Vertiainat  pr«K:M»ii^  syatero  may  cause  a 
falUre  of  (llm  to  ba  transput  tad  not  ofily  at  the  murce  of  trouble 
but  at  any  liK!atl0n  beyond.    1*hl0  la  true  "particularly  wten  tha  mal-  ^ 
Cucictloa  is  caused  by  chemical  action  a^t        exomplot  high  tei^tature 
of  proceeelng  solutions.    VAuni  this  situation,  is  present t  the  film  falls 
to  be  transported  In  the  flxtfr  tacfc  assembly  uincm  the  softetied  <^lslon 
btnuwH  tacky*    c>r,  Improperly  mtxod  replenlsher  or  fixer  eo|.utions  aay 
caiiae  a  film  transpurt  failure  In  the  drying  corapartnent.    Table  1-1 
lists  H€me  of  the  cowmon  troubles  that  can  occur  while  operating  the 
Vt^raamat  j»roces»or.    Bticause  ai«ne  of  the  malfunctions  can  attributed 
to  mect^nlcal  rather  than  chcjnltal  causes^  study  the  manufacturer's 
instructions*    When  ^chanlcal  trouble  sources  are  i4entifii«l  as  causing 
a  particular  malfunction,  notlty  maintenam:e  personnel  immediately,^ 

SensltMietrlc  Certlt  Icatlon 

Sensltomutrli:  strips  art*  also  processed  at  the  tlwe  of  certification, 
and  at  regular  tntervaln  during  the  day.    Data  from  tlu?8e  checks  are 
mpilntalned  on  control  chartu  for  earh  proceHSor#     If  the  first  sensito- 
metric  strip  falls  vlttiin  tht^  tuntrol  limits,  but  Is  near  one  of  the 
control  limits,  do  not  ussumt^-  tliat  the  machine  is  cheinlcaUy  certified. 
A  Huc«ifKl,  and  evi'tx  .1  tiilrd  strip  siiould  be  prtx! eased,  depending  on  crlt- 
liiality  of  mission  fllnu    Mont   laboratories  process  flash  f ilia  during 
machinti  certiflcatf on  with  sunhitooictric  strips  spliced,  within  the 
fl.ihU  iilmat  rei^ular  lnt«Vals.    Eiich  laboratory  has  Its  oiAi  che&icdl 
Lertlf  Icatlon  staiulards.    However,  if  the  require .  footle  of^flash 
f  Ilia  has  been  processed,  and  thi»  sen  hI  tome  trie  strips  are  within  con- 
trol standards,  and  if  dK^mirulH  meet  pH  astd  specific  gravity  staiKlards, 
the  machine  can  be  said  to  bv  cheroirally  certified. 

At  times,  the  operator  may  not  be  able  to  bring  his  m^hine  into 
i  luimlcal  control.    When  this  liappt'ns,  the  only  alternative  is  to  drain 
ihi?  ch«mix:als,  refill  the  machine  with  fresh  chisalcals,  ami  restart  the 
4  ht^lcal  certification*     If  replenlsher  solutions  have  been  stored  for 
Hiime  time,  they  should  b®  recertified  before  the  machine  is  considered 
ihemically  certified. 

FrcKess  Control 

Once  the  proct*HHor  is  t  crtiiled,  proct*Hs  ctmtrol  ciyi  ^^SiiU  -  ^ 
PriK:ess  control   is  knowing  life  capabilities  of  the  majhinc  In 
other  words,  being  able  to  state  what  the  machine  can  do.  The 
primary  control  available  to  the  tt^hnlcian  la  GAMMA. 

The  g^w  value  of  a  pbL^tographlc  material  is  not  fixed.  It 


SW  G3AfiR23330  OOl-IlI-l 

3* 


can  often  l)e  varlod  within  wide  lliaiiB  by  the  cholcei  of  developer  ami  the 
methods  of  development  • 

Gaiaroa  has  bemi  defined  aa  the  ali^pe  of  the  atrnlght  line  fiortlon 
of  the  characteristic  curve •    This  l«  the  only  part  of  the  curve  irtiere 
significant  ch«inges  in  dcaisity  are  obtained  by  chanKes  Ip  development* 
F43r  thl£i  reason V  gamma  1h  unelul  aa  a  measure  of  the  degree  of  devel- 
opf^nt^    GaniDia  varies  directly  with  development;  the  greater  the  de- 
^lofnnenti  the  higher  the  gamma  \sp  to  gantnvi  Infinity, 

The  tixoe  ot  develo(Haent  la  only  one  of  ttie  pr^Keasing  factors  af- 
fecting ganana.    Other  factors;  are  the  type  of  developer  used,  dilution 
nf  developer,  proc^stjing  twnpcr.iture,  ai^  the  nn'thod  of  agitation.  If 
the  gamma  is  measured  and  fouml  to  bi*  high,  an  appreciable  amount  of 
develofmient  was  obtained,  even  thotigh  thu  developing  t  tne  nviy  have 
been  short. 

Gamma  is  one  of  tti&  most  Important  tools  used  In  processing  con- 
trol *    Negatives  developed  to  tlie  same  ganuna,  for  example,  sluiw  com-^ 
parable  tonu  reproduc  t  Ion.     If  It  Is  deslrint  to  determine  that  pro- 
cesslng  is  constant,  sens iLoraet r Ic  strips  ate  run  along  with  tTie^' 
HKiterial  being  processed  and  ttu*  gimima  plot ttsJ .     If  the  gaimna  re- 
mnlns  the  same,  processing  Is  constant.    Wltenever  prac'tlcable,  the 
test  strips  should  be  prlntwd  *m  tF^*  mater  Li  I  Itself;  nn  the  edge 
cut  1  llm  or  at  the  end  i'f  a  roll  of  film. 

To  suninarl^et  the  behavior  cjI  any  f  1  Im-ilevel oper  combination, 
cime-gaa*sma  or  machine  speeil*-giBnm;i  curves  can  be  plotted.  Thin 
discussion  will  be  geared  to  mac  lilne  sfu  tnl -^anuna  rurves.  These 
HKuiilm*  speed "g.finrn*!  i^harts  are  plotteii  on  dt'nHlfv  vtrmtH  density 
i'urves, 

DENSITY  VER^S  DENSITY  CURVES.     WliiU-  net  a  true  D  log  E  curve, 
an  under fitand Ing  oi    the  similar  density      denNity  pint   la  desirable 
at  thiii  j^olnl,     Fi>Mir«'  i-^*^  *>huw^;  hijw  a  tent   strip  printed  through 
a  stamii-rd  Eastman  St*^  TabUt   Ni),  1!  W4)uld  be  plotted.     Thla  tablet 
r{?nslHts  uf   21   ?;tep%,   rafH'Jrv.   ^'^  iletr' !  1     I  rnri  appr^'X  lm.it  cl  V  0,0*?  to 
.ipproxlmate  J  V   ^.0'>*     'Jiu*  tJi^n.^ity  Jiffcreiv  •  Sitvven  ft.  h  step  is 

test  :r!jde   i\\  'tifs  m.tn!ier    ?s  ;is  ^nIlnw^^ 

I 


SW  G3AaR2J330  OOl-IU-l 


Ik 


11 

Id 

14 

I  1 
10 
08 
06 
04 
03 


20    1 100 


3  05 


— f-- 


T 


4 


*    I  ' 


m    200  |l 


315    I  Its 


t: 


t  oo      I  4d  I 

'     I  * 
I5S  I7S 


w 


I  40 


MO 


Og|  080 
093    I  0^ 


#70  *0 

ills  I  aa 


0.40  w! 

OSS  i  as 
0  so      0  as 


Figure  D^^uHitv  ol  OrlglnHl.  Plotting  Density  va  Density 


I.  Thf  dtuHltU'ii  of  Ww  orlRlnfll  step  tablets  are  read 
and  recorded. 

2      The  denslticH  obcaintd  In  the  test  strip  are  read 
rtnd  rt-corded  in  a  c.ilumn  benlde  the  densities  of  the 
original  {Figure  1-25), 

S,    A  ^rnj.h  Hht.et  having  20  squnrcs  to  thi-  inch  Is 
inarlu.a  uH   in  pt-rLilH  ..f  i).  2i)  dt-nsi  ty  units  to  the 
ttalt    111.  h.  startliiK  with  /fro  in  ihf  h>wcT  r.lghi-lwnd 
cornt^r  and  movlnK  to  the  lei  t  along  the  abscissa 

(horlzoiual  iixlH)  and  upward  aions  the  ordinate 

(vertical  axis). 

i..  The  densltli-a  of  the  orlgltml  atep  tablet  are 
then  plotted  across  the  base  line  with  step  1  lo- 
i!ated  near  the  right  i-nd  and  step  21  located  near 
the  left  and  ot  the  Una. 
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FUure  1-^5 

*).     T!ic  dunsLty  of  eat  h  Mti-p  ul    the  tt'Ht  in  then 
plottini   tiy  pl.H'lnK  a  duL  t^n  t  hi-  ^;r:!ph  up;,'vslte  ItH 
Viihio  on  Ihi*  vertii'.il  axis  .mm*  altnvt*  itw  axif*.  Tlilfi 
Is  roniliuii*d  until  all   2\   sU^pn  ar.  ploltisi. 

T!u»  tloLH  ari.'  Xhi-n  c^mncMteJ  with  bf^-Jt  fit  curve 
usLn^;  a  ..ir a  l^'JiLt  d>M  and  FrcMifh  tauvi*,  and  tlu*  reault 
will  bt**a  ciuirai  t  ijr  i  si  it    /urvf  In  ri*lative  D  log  E  valued* 

■M^U:H1NI:-SFLHj  C/^MMA  CHi\Kl,     use  tU*?  H.-imi   Uatilc  procedures  for 
tlu'  mac  hiiM— spet^  f;.TOma  (MSG)  chart  an  ih^yHv  used  for  plotting  denaltv 
vs.  densitVr  pr«>4;t^urt*H' f or  cunHt:rUi*i  In^         .  liartH  are  a:^  folluwK 

i.     Print  10^  ^tinsi  tome  trie  strips  on  n  HtMisltomcter . 

Record  the  4en*>ity  valutas  of  the  ej^ppsure  modulator  on  the 
pensitometar .    These^  readings  will  be  us^  M  a  lat^nr  time* 

j.    Using  one  developer  rack  on  a  Versaniatp  prtK-eSB  one  scinsitn- 
metric  strip  at  (ivi»  fpn  (1.5  mpm)^  one  at  10  ffmi  mpm)  and  so  on 

through  25  fpn^  (7.6  mpm).  ' 
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4»    Using  both  develbpt?r  racket  rtspeat  step  #3, 


mstlit        itiir#  f:a  «ar^  cl^  strip*  for       rack  apd 
their  oachine  apeeds. 

5.    All  LO  strips  munt  be  re^     t  and  all  readings  recorded* 

6t    Plot  the  five  strlpB  (Caially  uf  curves)  that  were  processed 
in  une  rack  un  one  nheet  oi  graph  paper.  *  Plot  the  tiMe  strips  pro- 
iji2HBed  In  tVi>  racks  on  another  st^et  of  graph  paper*. 

7*     in  the  upi>er  li^ft  hand  corner  of  each  graph,  construct 
a  f>niall  tfpeed  garmua  clvirt,    Cafiona  is  plotted  on  the  ordinate  and 
moi^hlne  apeed  is  plotted  on  the  abscissa, 

Froia  tttese  machine  sp       gamma  chaitSp  the  proper  machine 
npufcid  for  a  particular  gauuna  iun  be  found. 

After  tht*  dt'UKity  vh.  diMislty  curvc*8  art»  constructed,  in- 
lurmatlon  provided  by  the  cu^ve  Is  transferred  to  various  control 
charts.    This  infurmatiou  ul  ten  inc  ludes  a^sma,  D^in  (the  minlissum 
useful  density  on  the  curve),  D-avg  (an  average^  middle  tone  density, 
usually  step  11),  and  D**maK  (maximum  useful  density), 

CouLrol  chartH  i>i  pH  and  spec  ii  ic  gravity  are  also  kept  for  the 
4.  tiemlcals.    Cuntriil  oi  developer  pH  is  of  particular  IjnportaiKe  since 
an  int^reasu  In  pH  resulL&»  in  an  Increase  in  activity  and  a  decrease 
ill  pU  results  in  a  decrease  in  activity* 

Control  cfwiris  provLii*  the  operator  wi^h  a  graphic  record  to 
compare  wluit  is  h^ippenlnft  now  with  what  ha^  happenad  before.  They 
contain  aim  points  and  control  liisits  so  the  operator  can  actually 
see  how  his  machine  is  running  compared  to  how  It  should  run,  Contro 
charts  also  enable  the  operator  to  predict  possible  problsns  and  cor- 
rect them  before  they  can  occur.     In  this  respect  a  control  chart  can 
be  considered  to  be  an  "action"  chart.  * 


QUALITY  ASSURANCE  PRtt^RAMS 

Imagery-recording  systems  continue  to  provide  one  of  the  major 
sources  of  Information  to  satisfy  intelligence  requirements.  The 
maximum  Information  must  be  obtained  from  the  imagery  produced. 
This  means  that  each  ccmponent  of  the  reconnaissance  cycle  must 
be  controlled. 

The  levels  of  quality  obtainable  from  reconnais^^ance  missions 
vary  with  the  sensor  system,  the  operating  conditions,  recording 
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media*  processlns,  and  printing  charncterlHtics  and  ather  related 
factors.    The  capabilities  of  the  surportliig  facilities  also  vary 
according  to  their  assigned*  mission.    Therefore,  variations  must 
be  identlCjIed'  In  order  to  establish  quality  controls  and  to  Insure 
that  the  maxlraum  imagery  Information  Is  obt.i<?'eil. 

Laboratory  Quality  Asswrance 

Thcre^is  no  single  quality  .ismirance  hpcc  if  Icatlon  covering 
ALL  reconnaissance  programs.    XnHtead ,  "qiiaflty  goals"  are  set 
for  each  type  of  reconnaissance  system  In  nciordnnce  with  AFR«96-1, 
Evaluation  and  Quality  Assurance  fur  U.S.  Air  Force  Rernnnalssance 
Imaging  Systems.    Once  this  "quality  goal"  is  set,  very  sperlflc 
steps  are  taken  to  reach  this  "goal."      Anv  quality  asaurame  pro- 
gram must  maintain  this  high  "quality  goal"  in  order  to  retain  as 
mch  intelligence  Information  as  possible.     Otherwise,  vast  amounts 
cif  information  will  be  lost  duo  to  pmir  IvindllnR,  bad  t  hemistry.  poor 
processing  techniques,  am!  other  means. 

If  all  variables  are  uiuler  control,  the  reliability  of  the 
laboratory  production  is  assured.    This  is  very  important.  In 
this  way,  no  matter  where  or  when  a  mission  is  flown,  the  results 
can  be  predicted  beforehand.    RegardU-ss  of  the  lab's  mission  or 
the  duties  of  its  personnel,  quality  .  ontr.H  appllt-s  to  all  personnel 
in  thTt  laboratory. 

LABORATORY  QUALITY  ASSURANCK  FUNCTIONS.     The  laborntory  quSllf  ' 
a^,surance  program  can  be  bwpar^iU-.!   inlo  t'onr  sprrlfir  slops.     They  ir-: 

1.  Identifying  variableH. 

2.  Using  instruments.     WulSut  llu-si  dovlit-H  .ire  Htmple  or 
complex,  their  repeatability  and  .liTur.u  y  mufU  hv  kiu^wn.     TlK-y  will 

ca  libra  till  per  lodirally. 

J.     Collecting  and  prcHt'ii  •  i  i.  ;   iitci.     i>i.il!ty  .inNurancf  data  will 
be  collected  ark!  rerorded  .u-ruruU' i  v  .irel  imlforr.iiv.     Ihr  d.ita  will  be 
'rtu  nrded  >'n  spec  If  li   Air  For.-c  innns, 

4.     An.'lvzing  .ind   Interjirati  j^,  d.U  .i .     An.iUsis.M  vlfitabc^inH 
by  examining  control  4  hnrts  for  abnonn.-i !  result^.     All   variables  art- 
examined  b-fure  any  changes  are  made.     If  a  pro.  cs-  <c>rre<-tlon  is  ma<ir, 
more  data  naist  be  i-ullected  to  analyse  the  reHuU^;  of   this  rorrei  tlon. 
If  the  rorrcctivc  action  fails  to  restore  control,  the  operation  is 
suspended  until  a  complete  analysis  Ih  made  mul  turth-r  correc  tions  made 
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If  ttmcie  8it«|m  are  tu  wurk,  all  continuous  photoproc easing 
laboratories  »ust  laalntaln  i»lnii^  standards  for  e^ipaent  certifica- 
tion and  calibration.   Certif Icatlon^  standardlMtion,  and  «iallty 
assurance  vlll  be  perfor^d  at,  or  exceadlngt  the  frequency  stated 
In  APR  96-1. 

Central  Calibration  Program 

This  program  was  established  to  Insure  that  all  sensltraeters 
and  densitoiaeters  (aiid  any  future  designated  devices)  in  the  Air  Force 
lueet  certain  specifications. 

The  rtiiiponalblUtles  fur  this  progrffli  start  at  USAF  Central 
Calibration  Facility  (USAF/CCF)  and  follow  the  chain  of  cofssand 
downward  to  each  laboratory. 

Stsnsor  System  Evaluation  Progr<Bu 

Sensor  systttn  evaluation  program  is  the  Air  Force  effort  to 
determine  the  pertormanre  of  specific  Imagery  systems.    The  sensor 
system  Includes  mu  h  variables  as  aircraft,  camera,  fllisi,  processing 
and  environmental  conditions.    The  sensor  system  evaluation  progrw 
provides  a  measure  of  the  quality  of  the  reconnaissance  information. 
The  degree  of  evaluation  can  range  from  limited  vlsral  inspection 
to  li^epth  documentation  requiring  sophisticated  instrumeits.  The 
sensor  syat^  evaluation  program  allows  one  to  Identify  problems  and 
causes  and  provides  for  corrective  action.    The  key  element  in  this 
irogram  Is  the  (tomlnal  Performance  Stamlard  (NFS).    This  standard 
provides  a  common  base  line  fi»r  Air  Force  organisations #     It  tells 
the  minimum  standard  for  any  r»et  of  conditions. 


FILM  prix:essimg 

Once  the  quality  of  the  proi:e»:4or,  chemicals,  and  processing 
methods  liave  been  assured,  the  film  may  be  processed.    However,  two 
other  steps  are  iieccanary.     Before  .i  roll  of  film  Is  processed,  it 
must  be  prelnspected  for  torn  or  crimped  edges  %rtiich  might  cause  a 
processor  malfunction.    Also,  the  film  imist  be  made-up  for  processing* 
Buth  of  these  steps  are  normally  accomplished  at  the  same  time. 

« 

Preinapec tlon  and  Makeup 

Since  thfc  film  is  exposed  aiKl  unprocessed,  visual  inspection  . 
by  ordinary  meanti  cannot  be  made.  It  is  possible,  liowever,  to  use^ 
an  Infrared  light  source  and  an  image  converter  to  view  the  film. 
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This  method  is  satisfactory  provided  the  film  la  not  sensitive  to 
IR.  If  equipment  of  this  type  is  not  available  or  If  the  filw  is 
sensitive  to  IR,  preinspection  must  be  raad«?  by  touch  In  total  darkness. 

PREINSPECTION  STEPS. 

1.  Set  up  the  prelnsptv tlon  tabU'  to  handle  tme  width  of 
material . 

2.  Procure  adequate  amounts  of  oxpoacnl  stt-p  wedges,  heat 
splicing  tape  nnd  "Mylar"  tape. 

J.     Inspect  the  film  for  edgo  tears,  holes,  creaseH,  and 
splices.     Perform  these  operations  by  t<ni<h  while  we.irlng  k  loves. 
Record  all  rnjtod  defectH. 

4.  Repair  torn  edges  with  "Mylar"  tape. 

5.  Cut  out  any  torn  area  deemed  to  be  hnzarditus  to  maehlne 
operation  and  make  a  heat  splltc. 

6.  Save  the  cut  out  portion  to  be  developed  later. 

7.  Carefully  check  and  repair,  or  cut  out,  all  splices 

as  required.     Factory  splices  are  usually  safe,  but  must  be  checked. 

a.     Exercise  extreme  caution  at    ili.tlmeH,  part  Isu  lar  I  v 
while  transporting  material  across  t  Iv  preinspection  table.  Trnm-pcrt 
the  material  across  the  table  at  a  slow,  steady  speed  to  mli.imlzr  MatU 
electricity  dlsclwirge,   preynuri-,  and  abrasion  txaxV-  , 

MAKJEliP.     Before  film  s  an  be  pnu  issi>d    It   miiM  b-"  nvid.-np.  Film 
makeup  m^iy  vary  from  lab  to  Jab.     H.Tr   in  Ihe  seho.-.!.  vimu   f  1 1  m  nui kr.ir 

wil  1  be  as  f  r':  low^;: 

1.     To  a  in.llft,  attiiclt  a  bi-jd  sens  1 1  oie  t  r  i*  strip, 

1,     To  the  head  seiisitumetr      strii-.   attach  tb-  i>rn'Jna)  Negat  Iv 
(O.N.)  . 

■J.     Tij  the  O.N.,  attach  a  tall   st-nsi  tonif  t  rl.  stiM-. 

Both  prtinspecLiun  and  t  ilm*maki'ui>  musi  bi>  ...  ,  ..tv;- !  i  .'-.ti.- !  before 
processitxg . 
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Processing 

During  film  psrace»^iitgt  the  op^atof:  must  f^ln  alert  at  all 
tliuest    Fil«,  whudi*  length  ts  less  than  5  Imihes  (12.7  cm)  shmild 
not  be  fed  Into  the  processor*    The  ruplenlslmcmt  flow  TCters  must 
be  constantly  miHiltored  to  assure  proper  flow  rate.    The  flow  meters 
should  be  read  at  eye  level  to  avoid  parallax  distortion  and  the 
bottom  q{  the  ball  is  used  as  the  referemie  point.    If  air  tnibbles 
appear  in  the  flow  meter  tubes,  this  Is  an  indication  of  improper 
nplenislatent  rates,    Jlichlm^  speed  Indicators  must  be  monitored 
Hlncti  liuc  voltage  iluctuatinns  may  change  the  drive  speed,  nec- 
essitating a  tmichlne  spe^  adjustment.    Fllia  drying  must  be  monitored 
at  all  ttiMs  and  the  d^yer  thermostat  adjusted  to  control  drying. 
Solution  tanperatures  must  also  be  checked  periodically  to  assure 
propfcsr  processing  ttaaperature . 

The  machine  operators  must  bt»  prepared  to  correct  any  machine 
malfunction  tliat  occurs.    Often  this  must  be  dotie  in  total  darkness. 
These^  and  many  other  operations,  must  be  done  while  the  film  is 
being  processed.     By  now,  you  can  see  that  there  are  too  many 
operatloo^  for  one  ttichniclan.     Two  or  more  people  should  be  as- 
signed to  each  processing  machine.     Where  only  two  people  are 
available,  one  should  operate  the  feed  eiul ,  while  the  other 
operates  the  takeup  end  of  the  machine.    Responsibilities  for 
each  function  should  be  well  defined  so  tliat  all  functions  are 
monitored  - 


I'lMcesslng  Defects 


The  processed  f  ilm  shmiia  be  monitored  for  physical  or  image 
defects.    These  are  then  reported  ti»  the  operator's  supervisor. 
The  following  list  gives  siKne  of  these  def^ts  ami  their  descrip- 
tions. 

Abrasion  A  scuff.     A  series  or  group  of  very  light  scratches 

caused  by  rubbing  of  two  reasonable  smooth  surfaces 
together  under  pressure. 

Banding  A  series  of  varyin,;  densities  of  different  widths 

across  the  width  of  the  film.    The  edges  of  the 
hands  may  be  either  shar;.  or  soft.    Usually  caused 
by  Improper  spray  press^ure,  clogged  spray  nozzles. 
Improper  spray  angle,  or  nonunif ormity  in  printer 
11 luminance. 

lirlttlenebH        BrlttXeness  or  wavy  buckle  are  both  caused  by 
ur  Buckled         drying  at  exceptionally  high  temperature  or  in 


Film 
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Brcmilde  Drag     Uneven  densities  ueen  extending  from  dense  areas 

on  film  ''flow."  Appears  tn  longitudinal  direction 
on  fUjQ. 


Chemical  Discoloration  of  portlcmB  of  the  imagery  caused  by 

Stain  contamination  of  developer,  fixer,  or  Ijnproper  washing. 

Cinch  Similar  to  abrasions  in  appearanc  e;  caused  by  excessive 

Marks  tension  uf  tnktnip  i>r  sudden  stops  or  starts  during  re- 

wituilng  o£  film. 

Creased  A  single  or  multiple  elongated  bending  uf  the  fills. 

Film  Usually  along  the  edges  caused  by  improper  takeup 

or  tracking  in  tlie  macliine. 

Crljnped  A  small  cresent  sti;ipcd  dlstorticin  in  the  base  of  the 

Film  f lifli  caused  by  wrinkling,  of  the  film  frinn  improper 

handling. 

Deckled  A  rippling  of  the  edge  of  the  film  caused  by  poor 

Edges  tracking  in  a  machine  or  improper  torque  and/or 

a llgnment  dur ing  takeup* 

Developer  Developer  spraying  back  in  droplets  onto  the  un** 

Sprayb<fK:k  developed  portion  o(  film  before  reaching  the  first 

spray  nozzle,  iausin^^,  IH>»h  density  sp^itH, 

Uimples  Indentations  which  are  the  re^iult  ot  winding  film 

over  a  piece  of  «nhcddeJ  partible  or  any  other 
protrusion,     i'hesc  nviy  In*  :r.insforred  through 
several   layers  oi  flhn. 


Duubie 
F^poHure 

tinbedded 
Dirt 


Two  separati'  LxpoHuren  luiving  been  recorded  on  the 

s  line  plci'c  of  I  flrs.     Usually  ^muscm  a  double  ijmigep 

Any  particle  wliUh  lian  becufne  embeddt^J  into  the  film 
b'lse  OT   emul  s  ln?u 


Finger- 
prints 


Hyp^^  Spray- 
back 


Marks  rthowinn  the  llne.'i.ii   lUv  fingertips;  frequently 
L  aused  by  handling  the  dry  lu^gatlve  with  dirty*  moist-, 
or  ^;reasy  flngern.     If  c  Ue  nngermnrks  .ire  dark,  t-un- 
tamination  with  developer  In  Indi^and.     If  marks  aie 
light,  hypo  on  tlie  fingers  Ib  the  pmb.ibli-  r.nuie. 

Hypo  spraying  back  onti>  film  tlvi  t  In  !^  lug  developed, 
causing  thin  density  spots. 
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Improper 
Takeup 


Light  Fog 


Mat  tU^ 


Nevton 
Rings 


Oil  Spot« 


menc/Under- 
devel opment 

Pressure 
Streaka 


Pin  Holi»H 


tiun  or 
f  rotfty- 
wrinkled 
appearance 


Vflien  (Urn  Is  Improperly  aligned  on  takeap  spool 
causing  indentations,  scretched,  creased^  or  torn 
fll®. 

A  density  of  varying  size  or  shape  which  may  or  may 
not  remain  within  the  frraie  limits;  caused  by  film 
being  ex|K>»al  to  an  uw:«itrolled  light  source  at  an 
tim  up  to  the  time  of  fixation* 


An  appearance  of  unevenness  In  density  In  Irregular 
form  caused  by  improper  develofwent.  Noriwlly 
mused  by  improper  spray  pressure,  clogged  spray 
nozzles,  or  improper  spray  angle.    Not  to  be  con- 
fuHed  with  Nuwton  Rings, 

Irregular  sliajuJ,  varied  densities  throughout  the 
film.    HilQ  iH  an  effect  of  Interference  between 
light  rays  reilected  from  adjacent  surfaces  during 
printing.     NOTE:     Not  cause  for  rejects 

Chain  of  i^mall  firay  aren^;  irregular  light  gray  areas; 
mottled  areas;  black  spots,  with  or  without  white  cen- 
ters; strippled  Htrearallne  effects.    Caused  by  oil 
adhering  to  the  surface  of  the  fUm  prior  to  process- 
ing or  during  processing. 

Heavy  or  light  D-max/min  returns.     Processing  limits 
not  within  stawlards. 

♦ 

A  sheen  on  thf  enwlslon  side  of  the  film  nonaally  run- 
ning In  parallel  lines  lengthwise  along  the  film. 
Intermitterit;  caused  by  excessive  tension  before  the 
flltn  is  dry  or  during  drying. 

A  bmall  clear  hole  in  the  emulHlon  caused  by  trapped 
alkali  solution- placed  In  a  strong  acid  solution, 
causing  a  gaseous  discharge  through  the  aaulsion;  or 
fine  particles  printed  iji  from  the  preceding  generatlo 

Sudden  temperature  clange  from  solution  to  solution 
ur.to  wash  of  different  temperature.    Driving  in  too 
much  heat. 
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Scratch 


Scum 


Static 
Marks 


Stopped  in 
Processor 

Uncleared 
Film 

Uneven 
Density 


Water 
Splits 


An  Indentation  of  varied  let^th,  wldtht  and  depth 
either  on  the  base  or  emulsion  side  of  the  flltQ; 
caused  by  a  sharp  protrusion  being  craped  across 
the  surface.    FtoulsLon  abrasions  on  the  original 
magatlve  often  appear  as  onulslon  tk  ratches  on  a 
dupe  positive. 

A  thin  layer  of  impurltleH  found  on  the  emulsion  or 
base  of   the  film. 

Forked,  branching,  tree-like  marks  on  the  fillet 
d/T'^er  than  the  iaagery;  usually  caused  by  static 
elec  tricity  discharges,  created  by  rapid  winding 
i»f  I  he  film  in  an  exceptionally  dry  (low  humidity) 
.*re  \ . 

Extreme  overdevelof^ent,  spotting,  and  streaking  In 
large  areas  of  processed  film* 

Film  with  a  milky  appearance  from  lark  of  fixation. 


Unevenness  of  d^slty  across  the  width  of  the  £il«. 
U:kially  caused  by  improper  spray  pressure,  clogged 

.spray  nu^^elcs.   Improper  npray  angle,  or  nonuniform- 
ily  in  printer  llltiminniHC. 

intermittent  spotn  of  v  arying  slz^e  and  density;  c  ^lused 
by  IrreK^l'^r  drying  or  Improper  Hcpieegeeing  prior  to 
dryinp,,     A  12X  mag!il1  Irr  sfiou  hi  bt    used  to  insur«'  thAt 
tin*  material   In  free  of  water  »potH  durlnp.  pr^KesHor 
4'ertit  ieat  ion  and  pnului  tlon  runn. 


RICVIEW  gUKSTlONS, 

DO  NUT  WRITK  IN  TUIi;  SW  -  USi:  A  SFPARATK  PIECE  OF  PAPlli, 

1.    At  wlut  p^^Lnt    Is  replenlsher  ^;LMierally  inL rodiioed  to  exfRting 
solutions  in   i  film  pr<H*ei4Si>r? 

1.     Wliat  effect  does  overdrylng  have  on  film? 

3,  Why  I*;  n  «pr ay-process Ing  machine  expensive  to  operate? 

4.  Explain  the  overmnder  threading  synttan;  the  loop-type  threading 
syst^. 
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5«  Ikw  l0  even-f  11^  cenalon  achievid  in  mmt  prme^sors? 

6.  Describe  hov  self-chreadii«  sachities  transport  tl^  film. 

7.  Miy  ere  a<tueegees  employed  on  contimious  procesaii^  machlnea? 

8.  Llat  the  functlona  that  the  recirculation  aystem  {^forma. 

9.  List  some  of  the  factors  which  affect  replenishment  rate, 

10*    Are  silver  recovery  progrws  optional ,  desired t  or  required  in  a 
photographic  operation? 

11.  What  is  the  basis  for  your  answer  to  the  previous  question? 

12.  Why  are  silver  recovery  programs  includ&l  as  part  of  laboratory 
operations? 

13.  List  three  prli^ry  metlK>ds  of  sliver  recovery  frcsa  fixer  solutions. 

14*    Which  ccrabination  of  a  silver  recovery  system  and  fixer  solution 
permits  reuse  of  the  solution? 

15.  Which  silver  recovery  system  is  used  by  Air  Force  plvto  labs  to 
produce  refineablc  sludge? 

16.  How  is  silver  normally  r^^overed  from  processal  film  and  paper? 

17.  ^ich  type  of  recovery  aystan  Is  Intemled  for  use  by  facililties 
uainti  less  than  30  gallons  (114.  !•)  of  fixer  per  efght^^hour  day? 

18.  What  recovery  system  is  basic  In  raediim  and  high-volume  processing 
laboratories? 

19.  What  types  of  facilities  use  cartridge  as  their  standard  silver 
recovery  syatans? 

20.  What  do  air  bubbles  in  the  flowroter  tubes  itviicate? 

21.  What  type  of  threading  is  used  on  the  Versamat  IICM? 

22 »    What  is  the  maximum  speed  that  the  Versamat  can  be  run  at? 
23.    What  film  can  be  run  on  the  Versamat? 

24*    Itow  many  tanks  ccmprise  the  wet  section  of  the  Versamat? 
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25.  At  what  tcsiperature  should  the  wntcr  be  ^Justed  to  on  the  Versonat? 

26.  What  causes  a  buzzer  to  souiul.  when  the  operator  is  feeding  Clla  into 
the  Versamat? 

*• 

27.  Where  is  replenisher  introduced  into  the  Versamat? 

28.  What  is  the  developer  temperature  on  the  Verflamat? 

29.  What  is  the  developer  taaperature  tolerance  range  on  the  Versan^it? 

30.  How  docs  the  temperature  control  system  operate  on  the  Versamat 

processor? 

31  •    What  is  the  dryer  temperature  range  on  the  VerRatnat? 

32-    What  must  the  dryer  terapornture  be  bef<ire  the  Vernfcn/it  ran  be  shut 
down? 

33.  Why  must  the  cover  on  the  Vers^imat  be  left  slightly  ajar  after 
shutdown? 

34.  What  could  be  the  cause,  if  the  film  fails  to  transport  thrtmgh 
the  dryer  section  of  the  VerstMuat  processor? 

r?.  Wlut  solutlon(s)  are  filtered  on  the  Vers/unRt  ? 

36.  Wluit   is  a  develnpei  bypass? 

37.  Wliat   Is  a  sklp-r.irk  croHSover? 

38.  Wlien  cleaning  Ow  crosHuvirs  and  rackn  on  tl»"  Vers;imat.  wh.it  Is 
the  maximum  tomper.Uure  Ltml  tiw  waiter  i  an  bv't 

40-  Why  shuuld  [jr<a*.'cf  Ivi-  t-qulpni'  iit  !>«   worn  uhvu  sv:Mnii  clivmliy?,  a 
processor  ? 

4K  How  Is  ^ Se  Vi^rs.iniat  proceBHur  dralnt^J  t»f    itn  Hujuti<inH7 

42r  Wliat   is  used  to  season  the  tank^i  In  ihv  VerM/imat  ? 

43,  What  Might  happen  if  the  tanks  In  tht*  Versfimat  w#*re  net  Re^omn! 
af  ter  cleaning? 

44.  If  it  is  TOcessary  to  mix  more  than  one  solution  In  the 
t.mkt  how  should  they  be  mixed?                                       ^  ^ 
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45.  \(mm  the  t\\t^^  b«bic  t^»r«  ustad  In  certification  of  proceasing 

MlutlOfW. 

46.  What  Is  tho  tJ^imaJ  corrtvtion  f«ictor  for  moat  photographic  solutions? 

47.  List  tha  major  points  on  a  processor  preoperational  ch^k, 

48.  What  are  the  two  types  of  machine  certification? 

49.  Wliat  iff  tlash  film  and  wluit  Ijj  li  uKcd  for? 

50.  Wliv  is  film  glv4'n  a  prt* Inspcv tinn  before  processing? 
*iL.    UeBcribe  tht»  pn  iubpt-t  t  lun  prtic  t\litr i^s  , 

51.  How  may  a  wiaU  tt-^r  in  1  1 1  -i  bi*  rrpalrfd  during  prelnspec tlon?  A 
large  tear? 

ii.     How  art!  detect «i  i)n  cht*  ^-u^t   iif  film  detected  during  preinsp*^- tUm? 

Deacribe  Hiioe  of  the  opera  tor 't^  functions  which  tnuHL  be  accomplished 
during  film  proL:eBBlng. 

5^.     Wliy  muHt  tlie  pr^u  eHHor  bt-  cii  tlflt'd  before  prcxuBsinf  Bensltismetr ic 
atripH  tor  proceas  control/ 

56.  How  Is  proceBB  control  achic*^ed? 

57.  What  la*  the  |>urp<»He  of  prcH<tJH  control? 

58.  Huw  are  sensltomi'trlc  strips  plotted  for  process  control? 

59.  List  Lht  bdtjic  uteps  In  detenainlnR  the  proper  machine  speed  for 
proctfuuln^  to  a  tipt:i- It  ii.-  garaaia. 

60.  Describe  four  iunroon  pruf easing  dt'fectn  found  on  prucessai  aerial 
film.  * 

FRACliCAU  EXfliCISKS 

EXtRCISE  I 
PROCEDURES  4» 

'i^^V^^^  separate  sheet  of  paper,  match  the  principles  of 
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contimious  processors  In  column  "A"  with  the  correct  responses 
In  column  "B,"  TIk?  1  touts  In  column  "A"  my  have  more  than  one 
response. 

A 

1.  Film  Drlvt'K 

2 .  Thread  ing 

3.  Develop Isig  atui  Fixing 

4.  Rec Irculatlun 

5.  Squeegees 

6.  Drying 

7.  Safety 

8.  Slaver  Recovery  Methuda 
Silver  Recovery  Equlpmenl 


a .  Rubber 

Mechanical 

c .  linplngerai»nt 

d.  Electrical 
e»  Agitation 
f  *  Chemical 

g ,  Loop 

h,  Air 

i,  (Ver  and  Under 
J,  Parallel  Flow 
k.  KoIit^rB 

I .  Liqn Id  Bearings 

m*  liloi  trol  ysiii 

n.  Spray 

\) .  F  i  It  cr  Solutions 

I  .  MeiaHli    Repl;n  cmrnt 

lAri  ti'dlytlr  Recovery  Unit 

t.  Ijiunert?lon 
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EXERCISE  II 


PROCB)URES 


1.    On  a  tjeparati?  sheet  of  paper,  identliy  the  itoos  listed 
tts  numbera  I  through  20  In  Figure  1-26. 


Figure  1-26.    Parts  of  s  Versssat 
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On  A  separate  sheet  at  palter,,  mentlf y  the  Itens  listed 
as  nufflberd  1  thrmigh  11  In  Figure  1-27. 


Figure  1-27.    Versaroat  Controls 
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IQCEKCISE  III 


fiqpHHENT  AS©  SUPPLIES 


Versamat  Procesaor 
Systems  Cleantir 

CleaninB  Suppl  ift*  and  Equipment 


Basis  of  Issue 

2/cla8a 
As  needed 


PROCEDURES 


1.  Using  pro^Jfd  ires  outlined  in  this  SW,  aystems  clean 
the  processor.    Observe  axi  safety  ptecautlons. 


EXERCISE  rV 


EtJUimENI  AND  SUPPLIES 


Basis  of  Issue 


Mixing  Facilities 
Pi^ackaged  Developer  Mix 
P^ackaged  Fixer  Mix 
pH  Meter 

Hydrometers  (set) 

niocn)URES 


1/4  students 
1/4  students 
1/4  btuients 
2/class 
1/class 


1.  The  instructor  will  assign  the  specific  prepackaged 
solutions  to  be  mixed. 

2.  Make  sure  the  mUer  is  clean.  If  it  Is  not,  clean  it 
before  proceeding. 

3.  MlK  the  developer,  foUowlng  the  manufacturer's 
Instructions. 
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4.    WltMraw  a  sample  of  the  developer  for  certl£lcacion« 


5.    Determine  tl^  pH  and  sp^lflc  gravity  readings  of  the 
developer.    Ct^ck  with  ycmr  instructor  to  see  If  these  readings 
meet  certification  standards. 


6-    Construct  a  control  chiiri  for  pH  and  apeclfic  gravity 
values  of  the  developer  and  ^l^t  these  reiKiings  on  the  chart. 
Retain  this  chart  for  futurt»  umc.     (A  chart  might  already  be 
available  in  the  machine  area). 

7.  Transfer  the  deveJoper  tu  the  proper  storage  and  processor 
tanks  p 

8.  Clean  and  rinse  the  mixer  thortxighly. 

9.  Mix  the  prepackaged  fixer  usln^  the  same  procedures  as  In 
steps  2  through  8. 


EXERCISE  V 


EQUIPMENT  AI®  SUPPLIES  Basle  of  Issuo 

Versamat  Processor  2/class 
Cleaning  Supplies  and  Kqulpment  As  r^edt-d 


ERIC, 


PROCtDURES 

V 

I.     Using  proctxluruH  c^tllnc\l   in  thin  SW,   ifis^^all  racks* 
cr u.ss()ver s ,  ana  kMu^mliitry  in  the  VerH.iiTfcit  pttKoswr. 


iXi-Kt  IS!  V] 

EgUIJ'^ffNT  ;UND  S;'iTLiy:S  RanlH  of  Issue 

Cleaning  Supplies  and  Equipment  Am  needed 

^  .    Preexposed  Control  Scrips  Ah  needed 

'Flash  Film  As  needed 
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Yhtinnoaatar 
pH  lfet«r 

Hydrometers  (set) 
Densltcmeter 
Graphing  Materials 


2/c lass 
1/cIass 
2/class 
As  needed 


317 


mocioxiRES  ' 

1.  Following  tl¥*  Ually  near  tup  checklist  in  this  SW,  perfonn 
*.  daily  Htartup  uu  the  Vfc?rijamat  proreHHor, 

2.  Purlorifl  merhauitiai;  chisnical,  and  senBltometric  certification 
tor  tike  Versamat  processor- 

J.  Alter  the  Virbamat  Is  i  crtiiied,  entablish  privess  control  by 
making  a  machiiu'  Hpetad  g^iuana  cliart(s). 

4.  Pdrtorro  any  and  all  preventive  maintenance  requlrt»d  to  insure 
l^roper  Veraaxnat  operation. 

"i.  Wlwn  nt?cesHary,  nliut  down  thr  Versamat  following  the  shutdown 
ihecklfst  in  this  SW. 

6-    Observe  ail  Hafety  prtHHut ions. 


EX^3<C1SK  VII 

K()U1»1EMT  km  SUITLIKS 
I're  Inspec  t  ion  Tab  le 
Lint-free  ^^loves 
bnpty  Reelb 

l:!Kposed»  unprucewtied  film 
PRlH:ffiUH'ES 

1.  Clean  prelnHjH'c  t  ion  area  and  t  qu  i  {Jnienl  . 

2.  Insure  sufficient  amount  of  zjpl icing  tape 


Basis  of  Issue 
1/4  students 
I  pr/student 
As  need^ 
1  roll/ciass 
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3*    Turn  on  safe  lights  <lf  applicablcOt  turn  off  rooa  light** 

4.    Position  film  on  revlndcrp  fasten  end  of  film  to  the  tak«up  reel, 

3.    Start  rewind er.    Place  gloved  fingers  lightly  against  the  edges 

of  the  film  as  It  moves  from  the  supply  to  the  takeup  reel. 

6.    When  d<imaged  film  Is  dctecttxl,  stop  rewinder  and  repair  film 
as  Outlined  in  the  text.     Instructor  asslst/iiu^e  may  be  necessary. 

1,    After  the  film  lias  been  repidred,  nave  it  for  processing* 

EXSICISE  VIII 

KgUIPMENT  AND  SUPPLIES  Basis  of  Issue 

Versamat  Processor  l/class 
Processing  Support  Equipment  As  needed 

Preinspectcd  Film  I  roll/class 

TROCEDURES  # 

I,     Start  up  tfte  Versanvit      ^  ord  iuK,  to  thf  checklist  ^  developer 
ti-mpt-rature  85°     (29. 4^:), 

Certify  the  nuKhin«*  .uii^rdiiu;  to  paHt  exert  ine^, 

\.     Prorest^  \\m*  pre  inspoct  *ti   tilni  Svim  l.xeri  If^e  Vill.     Ihe  InRtrvirtor 
will  ^ive  the  iKV'c:.*Mry  pruccsHln>;  intorm.it  inn ,     iiu'rk  pr*>cesHetl  fllni 
t  or  t<ef  cc  t  H  . 

Wliea  finished,  ulciia  thr    iri  *  and  einUpnent  arJ  return  evc'ry-- 
thing  to  Its  proper  j  L'it  * 

ilHKRt  iSK  IX 

iKiK:EDURHS 

1.    Answer  the  tollowing  questions  un  a  separate  Hlu?et  of  paper. 
Do  NUT  write  in  this  SW. 
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a.  Why  U  tliertj  a  need  Cor  a  quality  assurance  prograa 
tn  a  photoprocessing  laboratory? 

b.  If  ail  variables  are  uiidef  control^  the  

of  the  production  of  the  laboratory  is  assured. 

c.  List  the  four  steps  in  the^iruallty  assurance  program. 

d.  Why  was  the  Central  Calibration  Program  started? 

e.  What  is  the  purpose  of  the  Sensor  System  Evaluation 
Program? 
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Sciences  Branch 
Lowry  AFB,  Colorado 
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TIXLINC  AND  CLEANING  ABIIAL  FILM 


OEklBCTlVES  ^ 

Using  an  editing  table,  postinspect  ami  atti^h  head  aisl  tall 
frlskets  to  a  roll  of  processed  aerial  film.    All  defects  must  be 
ri^corded. 

Using  a  EKial  Head  film  tiller,  title  pra#:eBsed  aerial  film. 
Type  must  be  cprre^ztly  positioned  and  transfer  to  the  film  must  ^ 
Ih:  Ititglble  without  flow  os^  embossing. 

Uslijg  a  Qel aware  portsl^le  film  tltlt^r,  title  processed  aerial 
film.  Type  must  be  correctly  positlutitid  and  transfer  to  the  film 
must  be  legible  wlthmit  flow  or  embossing. 

Using  A  film  cleaner,  clean  prcH^essed  aerial  film.  Cleaned 
film  mupt  be  free  of  objectionable  dirt,  dust,  and  other  foreign 
tsatter* 

INTRODUCTION 

li\  the  field  of  high-altitude  reconnaissance  photography,  original 
negatives  are  priceless.    They  give  a  permanent  record  of  a  vast  amount 
of  detailed  Information  within  the  view  of  the  camera  lens-Information 
tliat  is  acquired  only  through  careful  planning  and  a  great  expense. 
.Furthermore!  the  information  the  negatives  contain  may  be  such  that  it 
cm  never  ag^n  be  obtained.     In  the  previous  SW,  film  processing  was 
41scuss^  with  an  emphasis  on  processing  orl^nal  negatives.    As  a 
r  esult  of  this  work,  ttWiF^  are  now  on  hand  brlginalt  one«*of-^a*klnd 
f 1 1 ms . 

Fur  various  reasons,  the  roll  of  negatives  can  be  studied  and* 
rc«studied.    Whenever  the  negative  roll  is  studied,  it  miat  be  vlev^d, 
and  viewing  requires  handling  ami  a  risk  of  potential  damage.  Addl-^ 
tlonally,  it  is   usual     to  disseminate  Information  among  various  Air 
Force  organizations.    With  only  one  roll  of  negatives,  this  Is  im- 
possible*.  Therefore,  the  i^gative  roll  must  be  reprc^uced.  *nius, 
this  SW  concerns  the  inspection,  breakdown,  titling  and  cleaning  of 
the  original  negatives.    These  operations  normally  precede  reproduction. 


INFORHATIOM 

INSPECTION  4ND  KEAKDOWN 

Post inspect ion 

Naturally,  the  first  step  after  processing  Is  inspecting  the 
imteriai  for  physical  defects.    During  this  Inspecticn,  y«ju  are 
tequJtc*d  to  note  and  record  all  physical  defects.    Use  the  physical 
Lnopection  report  procedures  when  recording  defects. 

The  defects  found  should  be  checked  with  Che  results  of  the 
pre  Inspect  ion.    For  example,  edge  decklfng  caused  by  the  processor 
v^uld  not  have  appear^  during  pre  Inspect  ion.     In  general,  defects 
are  listed  during  each  step  of  the  entire  lab  handling  sequence,  so 
that  they  can  be  traced  to  their  source  and  ellmlnatcxl.    At  this 
point  the  film  is  ready  for  another  viewing.,  often  referred  to  ns 
the  priiaary  breakdown. 

PHYSICAL  INSPECTION  REPC»T  PROCHJURES 

PURPOSE:  To  define  specific  procedures  for  the  evaluaticm  of  mission 
material. 

SCOPE:    Applies  to  all  {K'fsonnel  atisigned  to  the  Physical  Inspection 
Sec t ion - 

RESPONSIBILITY:     All  personnel  asnlgned  to  the  Physical  Inspection 
Section  must  comply  with  these  pi^  i.  c-iur*  h. 


V  PROCKDUREbr 


I,  To  assure  thai  minsion  nuilerUil  in  iropvrly  evaluated,  accompliffh 
the  rtiport  in  ihv  following  turnuit: 

a.  Mission  ivmi'  ami  number*  (  * 

b.  Datt*  of   Inspect  itni* 
c  .      In-^pecLor  (y  )  . 

d,     Ueneral  image  characterist its  (define  caunrs  wften  possible). 
ll)    Density  (in  terms  of  procesHlng  and/(jr  i-xpoHurt')  • 
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(2)  Evenness  (In  t^rroa  of  processing  or  exposure 
{3}  -  Ccmtraftt 

(a)  Extr«wly  hlg^y  •  1,60  or  above* 

(b)  Ulgh-r  •  1.20  to  1.60. 

(c)  Averdge*y«  0.80  to  1.20. 

(d)  Flat-y  -  0.40  to  0.80. 

(e)  Extrtiimaly  f lat- y  •  0.40  and  below. 

(4)  (k^neral  subject  at^ lysis. 

(a)  ClLKid  coverage  (perc4mt,  approximately) • 

(b)  Any  ott^r  factor  smiii  as  ha^e^  terrain, 

(5)  Processing  deficiencies. 

(a)  Under  or  overdeveloiment  • 

(b)  Strt^aklng  and/or  unevennesj. 

(c)  Any  other  factor. 

Physical  defects  (define  cause  if  possible). 


(1) 

Pinholes. 

(2) 

Tears. 

(3) 

Scratches . 

(A) 

Deckling. 

(5) 

Bi luterlng . 

(6) 

^ulslun  pulls  or 

stripping* 

(7) 

Abrasions . 

(8) 

Dirt  -  imbedded  or 

loose. 

(9) 

Creasing. 

(10) 

Other. 
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NOTE:    Vhen  reporting  physical  defects,  be  specific;  l.e^i 
"numerous  pinholes  scattered  throughout  all  rolls."    "Tears  In 
frames  1092.  1246."    "Deep  emulsion  scratches  In  franes  510 
through  640."    '^Irt  imbedded  in  frames  0010,0600." 

f.    The  Section  &ipervl8or . accowpllsheB  the  overall  sub- 
jective evalu.it  Ion  ot   the  mlHslon. 

2.    A  sample  raisHlon  evaluation  follows  and  can  be  used  as  a  guide. 


.erJc. 


SAMPLE 
MISSION  EVALUATION 

1.  Mission  Name: 

2.  Date  of  Inspection: 

3.  Inspector (s): 

4.  General  Image  Characteristics: 

a.  Overall  mission  was  extremely  dense  di«  to  overexposure. 

Image  contr.    t  was  flat  prljnarUy  betause  of  overcast  weather. 

b.  Cluud  coverage  extended  ..ver  approximately  HO  percent 
of  the  iraasery.  ^ 

c.  I'rove.sslng  was  nonrnU  with  n.>  evidence  .-f  major  protcsslnp, 
prublem.s. 


d.     Physical  Vvfvcta  Noted:     FlnholeH  were  scattered  (UghtJy)  ^ 
throughout  all  rolls.     Light  umulslon  Hcratcin-s  throughout  Vol  Ih 
7L,  81.   9L.     Si.it  tt-red  heavy  emulsion  scratches,  probably  caused 

b'  'cniera  iht  .Hu;hout   roll  9L.     Deckled  cdy,v»  attributable  to  pro-  ^ 
cessing  were  nottni  on  f  raraos  bOO  thnJUKh'  610.     Imbedded  dirt  wan 
found  in  t  runes  002"^  ,*  Ulf>2,   1180.   prob.ihlv  due  to  n.ishtindling  during 

or  if',  in.il   insjx-c  t  loa . 

r 

e      LVerall   hubif'^tive  Evaluation  of  Mission:     The  overall 
quality  ot   this  mission  was  slightly  poorer  tlvin  previous  missions 
over  the  last  two  months  and  can  be  altrlb«ite<i  to  orlgln-il  over- 
exposure.    Minor  processing' probU'tns  were  n<'ted  bnt  ovo  ra  U  pro- 
cessing'was  above  average.     Informational  imagery  was  tlat  but 
yielded  good  informational  returns.    Titling  of  opiginaU  continues 
to  give  us  trouble  sintte  originator  Is  using  white  titling  instead  - 
of  black. 
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Primary  Breakdo%m 

Primary  brealuioim  ot  origliiai  nc^tlve  aerv^a  onm  major  puirpose* 
That  l8«  a  long  roll  can  bt*  broken  dbim  Into  seller  rolla,  each  roll 
conalsiltig  of  a  tiicigli!  pasti  or  oChur  logical  dlvl9ion«    Each  roll  In-- 
cliKles  a  le^er  and  a  trailer  i^lcA  furnishes  identification  Informa- 
tion deemed  iu£cessary  by  the  lab.    Leader  aiKl  trailer  s^aents  are 
spliced  on  in  tt^  usual  manner.  mission  1(%  sheet  should  be 

annotated  to  identify  the  breakdown*    Following  this  breakdown.  It 
Is  necessary  to  add  ci^plett^  Identification  Information  to  be  printed 
over  to  the  master  positive* 

VIEWING  Fim.    During  ihlb  tank,  view  the  film  over  a  llKht  tablt* 
equipped  with  a  npilrer.     Siiuf  ori^^inHl  negative  irocessin^:  rolls 
are  to  be  cut.   If    in  aJviiiable  that   tw<^  nperatur^4  De  present*  "TVo 
heads  are  better  timn  one." 

An  editing  table  etmaoi  idaies  (Inro  a  ccimpact  wrk  center)  the 
aeeessorieti  uBtiential  to  roll  jllm  ctiiting,    Dlffiu*;ed  fluorescent 
light  is  provided  lor  the  viewing  <>t   illm*     Adjustable  mask^  re- 
strict the  illuminated  area  to  a  width  more  nuitable  for  the  size 
111®  being  viewed.     These  nudkn  iilbu  blork  flare  light  at  the  edges 
where  it  cuuld  interfere  with  vtsii^n. 

A  iiipllclng  aHHt'inbly  BKHinted  wt^r  the  viewer  Includes  a  knife  to 
square  the  ends  ot  the  selected  film  tieetlons.     A  clamp  holds  the 
film  ends  in  place  a»^t1#y  are  Hpl  U  ed  with  tape  under  heat  and 
pressure. 

m 

Kewihds  may  be  set  to  aciept  film  spools  in  various  widths. 
Many  tables  include  a  dual  ri*wlnd  asisembly  which  is  desirable 
in  some  operations.     This  motor-driven  unit  includes  under-the- 
table  spindles  that  hold  leader  and  trailer  material.  These 
accessory  films  are  fed  throu|.',h  a  slot  in  the  table  top  to  the 
splicer  in  approximate  register  with  the  film  to  i^lch  they 
are  spliced. 

A  motor-dr  lvt.Mi  traonpor?  j»y.sti*nj  mi'Vt-r^  i       111m  In  eltla-r 
direction  at-  the  tent^ion  and  speed  r^elfCiL-d,     TenHion  Is  ad-  ^ 
Justable  to  high  or  low.     Any  npee^l,  froS  creep  to  maximum, 
i  an  be  obtained,     A  manual  ru^lind  vt^rsion  of  thin  same  table 
is  also  available«  but  it  dc^^  not  Itvlude  Iti-ader  and  trailer 
stiirage.     With  ttu?  manual  unit,  teiision  Is  controlled  by 
h^i lid -snubbing  the  feed  roll. 

UNWANTEU  FUUi'AGK.     Cue  of    ttie  .subta.skn  of  priiiiary  film 
breakdown  is  removing  the  unwanted  material  footage  from  the 
mission  film.    The  term  "unwanted  footage"  is  used  to  identify 
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oaterbil  that  is  not  an  actual  P«ft  of  tte  »Usion.    ^«  «««*«f"~*. 
lust  what  thl»  Beans,  trace  the  fll«  from  cawera  uploading,  through 
mis»i<m  recording,  to  caaera  doimloadlng  at  the  cooclu«ion  of  the 
alsslon. 

When  the  unexposed  film  Is  iond^  Into  the  camera  nagaslne, 
several  feet  of  it  are  used  to  attach  lo  the  takeup  reel  and  to 
insure  that  the  film  i»  advancinn  and  taking  up  properly.  The 
magazine  Is  then  taken  to  the  rei  onnaiHsance  aircraft  wtiere  it 
is  positioned  onto  the  camera.    lUre.  « hi-  taniera  power  supply 
is  activated  and  several  camera  cycles  nrv  allowed  to  check  out 
the  camera  operation.    Tlie  t  I  Im  ioutajif  expended  here  1«  called 
ground  clearance. 

Once  the  alrcrat  t  becoine«  airborne,  thv  pilot  uaually  ^Pom 
several  more  feet  of  film  before  rc-achin^  the  ^«tget  area.  Thla 
action  aerves  two  purposes.    FlrHt.  u,  l^^^l^^^*^*''^. 
capability  Qf  the  camera  and,  second,  to  advance  film  footage  that 
might  have  been  accidentally  foRgtd  during  camera  uploading.  Thla 
action  of  film  la  called  air  clearance    The  pilot  then  proceeds 
to  the  target  and  records  it.     If  two  or  more  targets  are  to  he 
photographed  on  the  same  flight,  or  if  more  than  one  P«»8«;»t 
.  L  Bade  on  any  one  target  (such  as  prestrlke   and  bomb  damage 
assessment),  the  pilot  mlRhi  choose  tu  expose  a  few  more  fec| 
of  film  to  separate  one  targ.-t  «r  ml«Hlon  from  the  others. 

Wien  all  targets  havi'  biu-n  n- ordod.  the  pilot  returns  to  thr 
bas!^^  Upon  landing  and  parkin.  Mu-  .Ir.r.ft,  the  camera  la  again 
op^.r^ted  io  msur.  that  all  valu.M.  .is.lon  footage  is  on  the 
t.?kc4  re.l.     Thi.  IH  tc.  pr.v.-.n       ■  f-oJ.,,  of  the  film 


Sin 


In  I  We  .nurHe  ol  a 


tnl"'^  ti»fi,  tn.*nv  t  '  •  t 
r 1  1   M  t   <?r  u',  in  < 

♦-xpend  ni'>rf  du|»  1  *K  in?;  truitvi 
ill 


f  M'talu  thin  unwanted 


In  s.K 

ctK'ar      1-  ^t:id  ihr  hi'i;tnni.n: 


r  t*  I 


{  Ui'  t  I  rnt  air 


,    ,      ,  ,fVMir  i.aHes     't...  Prij  n., !  iu.R.Jtlvc  roll  might  ht 


separated  accuiding  to  targ»'ts-  ,-,  t    i  f,,^ 

method  to  use.     Instead,  the  meUMHl       j.. ..cstab^iHhed_  for  wuh 

operating  unit  and  mission. 


I  his 


Ac^rlal  rdCiHifial.'ii^aiii  e  flim  in  not  ttu.*  only  pltutuKraphy  I  rost  vhlch 
unv^tad  Coot^^e  wuui  b«  rumoved*    ^tliiu  aitiu  occurs  In  »utiun  picture 
iiork^    Iten^ert  ttia  reiimfal  of  material  from  motion  picture  f outage 
i&  nut  as  critical  an  it  in  lit  aerial  ^ecunnal^eance  i^rk.    One  frame 
til  aerial  reconnalHHaitce  UN  can  contain  100  percent  of  tbe  desired 
Infaroatlon      luturmatluu  that  ml^ht  bcs  impogalble  to  replace*  Very 
few^  If  any«  motion  pUcure  Htene^  have  ever  been  lost  l>«^ause  of 
luiiiiLg  one  frame  frun  the  beginning  or  end  of  the  sequeiKie. 

FRISKETS.     Fr  l:ikif  n  art*  .uiailied  tt»  roll  film  for  two  primary 
leaBtine*.     Fir^t,  lot  bolh  aerial  ret  oiinaibHance  and  motion  picture 
materials,  wIumi  pri^Jt-iiy  anaut.iteJ,   l  tie  irisketfi  pri>vtde  pertinent 
idem  if  i(  it  ion  iaf     in.it  i  on  iLti    i;;  i.isilr  .i^r  ess  i  ble  ,     Fur  thernu»r4» , 
1  tir  iUiitl4Mi  piifure       r  *  i  i*4  i  r  ,    ii    iti  t  i»    4mmv  ^>i»um'  u\    this  ii'-nti- 
fixation  Int  omial  ion.     .sii  tuu;  ,  whiMi  t  Me  otij^inal  (.ait^rial   Is  r  bt 
printed  on  a  i4>ntliuiouH       in       .   aJiiUiotial  material  otiier  than 
ml»»iun  I  tJOtage  lei  rtMiuired  i  »^  itire.ui  tiu-  prlnit  r. 

la  all  ladeHp   itlMki'iH  <n      ,iit.ulu*4l   i  k'  iuu  h  t\\c  hcutl  and  t  lil 
(il  tath  ri'li.     Kveu  thou^'h  i  u-    !  nt  oriutt         thai    i;.  annoial^**!  on 
both  tSu2  head  and   tail   !  rifikt-i    !  - «  tJu'  s..ni*  .   t  Uert-  .ire  minor 
variations   in  t  tie  pi  ai^  fjiitut        itm.   i  ui  oim*.i  i  i  on  preventing  their 
iuter^^'hange  •     Tht-   iniiirmation  wfjirh  i:;  aniioiated  on  i\w  motion 
pit  tore  leiuler  aiui  uailer  v/ai  lis  iUii  ai)  ly ,  .n^d  again  thcv 

re  not   Interi  tum^i  abl  e. 

Wt;.*f    attaching  trlHkt*tH  lo      .i-  orl^;inal   negatives,  the 
ut^aiivea  mubt  be  wouiul  ?>o  i\uu  the  lirst  exposure  made  is  on 
the  out  aide  of  the  roll,  emul^ioii  diiwn.     This  roll  should  then 
h*f  po«itlonHd  on  tht-  Iflt-haiki  side  iii   a  splleer/rewlnder  or  a 
viewing  tA  i  '  that  luib  a  mtttor  rewliui.     The  head  frlsket  Is  then 
placed  so  taat   the  Imprinted  iniormatitin  r*in  he  easily  re^.  Both 
the  film  and  frlsket  endn  are  i  ut  squarely  and  Joined^  usually  with 
'Xylar'*  type  tape,     (In  some  tar.es,  iuul  usually  In  all  situations 
<'»»mernlng  lUiUlofi  picture  nyiterialn,  thf  l  llm  <  canent  or  heat  splicing 
luethtHls  are  uned).     Tlie  illm  1h  then  wouiui  to  the  right  side  atui  the 
tall  friskat  attached  In  a  similar  nujuner.     When  the  frlskets  are 
propt^rly  attarhed^   I  tie  iniprintt'J   in!*inja{i  >n  nhcnild  be  near  the 
mission  footage  with  a  substantial  quantity  of  ilear  le^er  material 
on  ti*e  extreme  endjN  iJl    the  eomb  nu'sti  roll. 

Unc«  tiie  friskets  are  att*u'hed  to  the  misslun  film,  they  must 
l>e  aimotatud  with  tile  appropriate  Lniormation. 

FRISKET  ANNOTATION.    Tlie  miaijiium  t-ntries  made  on  the  head  at^ 
tail  frlakets  of  aerial  reconnaissance  film  are  established  in 
Defense  Intelllgenee  Agency  (UlA)  Manual  55--5,  Aerial  Photography 
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Airborne  Sensor  Inogery  (Forward inn.  Titling,  moA  Plotting).  A» 

prescribed  by  this  oanual,  th«?  following  InforBiatlcm  aust  be  in- 
cluded: 

a    Camera  position  (deprcBaion  angle). 

o    Taking  unit. 

o    Sort  it? /miss  Ion  numbtT. 

o    Hate  (followed  by  double  hyphen  t  -  J). 

o    Focal  length  and  ailorRtiUicnt  coefficient. 

o    Project  mirae  ,in*l/or  number - 

o      LHurlty  cla8Hific.it ion  «nd  downgradii^  gtcwp  mrabcr. 

o    Rt:lcase  Instructions,  If  applicable. 

If  space  on  the  friski-ts  perraltH,  tin*  following  information  la 
also  included: 

o  Service. 

<(  Tin*'  group  .UiJ  zuiu-  lrll«'r. 

t»  vU  L  1 1  ud  c .  ^ 

o  KiUv!  of  phutugrapliy        Imu'cry . 

.>  Cf-'j- r.»i'lii'    (  .-or.!  1  n.tt      .  » 


i  .ILlNi;  Af.'HAi    '.  lit*. 


Since  aerJ.il  rcconnaisHancc  f  llci  nuMi  ht-  Idem  if  ^'d,  wperial 
eq«ip8i«nt  is  needed  to  title  tne  roiia  ni  lllm.     fltaing  la  the 
process  of  printing  inforwatinn,  '»m  It  .in  ttme  nuttbera. 
otl^r  information  related  to  the  nlsiJlon  film,  onto  the 
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Uaoally  Chin  Is  acctmplishcd  by  heating  a  type  holder  and  pressing 
It  onto  the  X  ilb  through  pigment  -^pregnated  tape.    tWo  cotboh 
tUlers  are  th^  m»Al-ttead  Fll»  Tltler,  Kodel  l-A,  and  the  Delasrare 
Portable  Pi la  Tit l«r,.rfodel  II.  *  • 

Titling  Inforwatlon  Is  usaually  placed  on  the  flla  base  (glossy 
surface  of  the  flla).    However,  flla  ejtposed  by  caneras  uffiag  alrrors 
or  prlf»s  are  usually  titled,  on  the  pulsion.    All  tltllQg  will  be 
uniformly  located  to  mlniiaize  obstruction  of  lauige  detail.  Title 
data  will  be  In  uppur  case  U-ttfrfi  or  numerals. 

Most  aerial  t  .unt'j  as  art'  i-qu  ippfd  with  data  recording  chambers, 
dtfHlgno'l  to  fxpoHf  jifrtincnt  d/ita  outside  the  inage/area.  Exaaples 
or  this  data  are  as  foliuvs:  / 

1.  Lens  Herlul  riumbci  .i-.nl  talib!''ated  fucal  length. 

2.  rime  ul  tLijiht. 
J.     Flight  aUltudu, 

S.    Alrcr  aft  numl ;  r.  1  . 

d.  Date. 

7.  KlBBlun  luuae  or  mjmber . 

8.  Tyiie  of  film- 

In  addition  to  the  data  provided  by\the  data  chamber^  the  mlnisiffa 
titling  requirei^nta  lettered  next  to  each  «po8ure  are  as  tollows: 


1 .  Nega  t Ive  number 

2»  Camera  poHillun 

3.  Taking  unit 

4»  Servit*« 

5.  Sort ie/roi«bion  number 


6,    Date  (followed  by  a  double 
hypha[i  I  ■  1) 

1 .    Tiice  group  ai^  zone  letter 

8.  Focal  length 

9,  Altitude 

10,    Security  Classification  and 
Downgrading  Instructions 
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Negatives  are  tlclctd  by  mechanical  or  oamial  methcnls.    Titling  Is 
not  to  excecxi  two  Urns. 

A  saapla  titling  strip: 

121/F21/325  RTSAJSAF/109/25  Jan  67  -  1630Z/36  ln/12,000  ft/ 
Unclassified 

Explanation  of  Items  used  in  titling  strip; 

1.    Negative  mimber.    Numerical  identification  Is  applied  to  each 
trame  in  a  sequence  of  exposures « 

?.    CaiKra  position.    This  entry  identifies  the  camera  position  in 
a  single  or  multiple  camera  installation  (r^unera  fan).     In  the  example 
above,  the  letter  "F"  Is  followed  by  2  digltB.     The  firso  digit  to  Ind  i 
cate  the  mimber  of  cawras  In  thv  fan  and  the  second  dlgl^  to  indicate 
the  camera  position,  i.e., 

Split  Fan  -  F21  F22 

3  Camera  Fan  -  F31  F32  F33 

3*    Taking  Unit.    Entry  IdentlfleB  the  unit  which  flew  the 
photography. 

4,     Service.     Entry  identlfleB  the  UOl)  service  of  the  taking  unit. 

5*     Sortie/Mission  Number .     Numerical  designation  to  Identify  the 
iiortle  or  mission. 

6,  Date-     Day,  month,  nnd  year   tlie  phutof?.r*n>hy  w;in  fluwn, 

7,  Time  K^^'-H^  /.>n4'  S'hi>w  :-r  i  enwith  rteaii  Time 
line   wil'  oefi**' "         uin  *  i.-;     i  L--* 

8,  Fut.  f  •    Itrivj!-,  '  *  •         :<mh:Mi   in   Inrfies,  <enf<- 
Hynihols  to  -»h'>Vir  type        photn)/,raphy , 

■» 

/J.      IK  -  IvArati'd  alrbor:u:   'Jierni'il       nsor    {Ta».i  ry 
<■»  ' 

bp.  RC  •Reconnaissance,  continuous  nirlp 
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li.    RD      Recunrwissancts  day 

m 

ts,    RN  -  ReL%innalHfciancts  night  * 

f .  RF  -  Rifcunikiit**mnLc,  panorJinic  ^ 

g.  SLAR  -  Side  looking  .ilrborm'  radar 

it.    GfographU-  goordlnatcH.     TJie  guographic  coi-rdiiiates  of  Llw 
tlrtit  and  last  uxiuibuit-  vUl  bt-  cntfr..'J  In  the  leader  (head  frisket) 
and  ti*iHei    (tall   frinktzL)  ol  a  tontiiuiuuM  ruU  or  negatives.  Degrees 
.if  lon^ltudu  will  be  .-ttatpii  in  i  dlgitri.  uKlr.g  zero  (0)  before  longi- 
tude eiitrit  a  ■u-.ss(tJi.»n  100  Jenjieeh. 

\l.     De^criptlvt'  .Lcie.*^    uicuiilio^  arproxic.ate  piact^  or  tne  subject 
tit   thci  photograph, 

Ij.     lh:o]ei*t  Nap'^  or  Number-     hicluded   In  tho  assignment  generating 
ihr-  1  light  (b)  . 

14.    Canit^ra  Typt-  aiui  Serial  Number,     Al pha/nuraijrit  designation  and 
tierial  luimber  abblKmui  to  the  type  nif ,  ratuera  uHed   to  expose  the  film. 

1^.     Security  Clarfsif  ieai  lun.   ^  The  security  c  lassif  Icatioj}  assigned 
ihe  phiuo^raphic  coverage  by  the  responsible  seiurity  authority.  DOD 
In^Tiu^tton  C-5210.52,  '*Sei*urity  C 1  as»Lf  ii  ation  of  Airborne  Sensor 
Ijuagery  (U),  "  25  October  1966,  provides  instructions  and  guidance. 
••Downgrading  and  Declassification  of  Classified  Defense  Inf otmation, 
will  be  an  integral  part  ol  the  seiurliy  classification  and  is  covered 
in  DGD  Directive.  5200.10.     These  are  cat^ori^ed.  as  group  mimbers.  I.e., 
CP-1,  GP-3,  etc-  ^ 

Other  information  pertaluin^  tu-  tilling  can  be  found  in  Defense 
Intelligence  Agency  Manual   03  1AM)  55^5;   Aerial  Photography  and  Airborne 
EletTtronlc  Sensor  iiuagery  (Forwarding,  Titling,  at^  Plotting). 

\   „.     .  DUAL-HtlAI)  V  ll^l  TITLEU^  MODEL  1-A 

The  Dual-He^ul  Film  Tiller,  Model  J -A  (t  Igure  2-1 ) .  ijjjpr  ints  coded 
title  information  in  the  clear  border  «j£  processed  aerial  reconnaissance 
lilm.     It  can  accomnodate  film  i»i  widths  from  70dun  to  9.5  inches  (22.1  cm) 
The  title  consisti*  of  u  ft-digli  number  whlnh  can  advance  consecutively  ■ 
or  ^peat  from  1  raroe  lu  irouie,  and  one  ur  two  lines  of  fixed  alphanumeric 
ty^e.    Two  title  heads  are  available, 

» 
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*1N  VA,t.Vf'?» 


Hfc  AT  t  N 
CON  Tf?UL*; 


MAIN  TIMFff  *NO 


i'i 


T 1  f  ^ 


enteral  Ut-scr  ipt  luu 

Thr  nn.i'    HviJ  F'.'m  Tic  It:!    prMU.-  t  rann-  '.i:,'^  nMin^  Die  ed^e  of 
prn.t'SSi'il   -    .  wna,a^ui.i{u  '    acr:.il   lih    '>>   if  -^sIl'T'Iu);  pigment  fruiua 


ruiiLt^l   l.:u^'.     rlu   Uivk  -id*    i'i    I  ■  -    tit-^    i-    .-;n:^K  by  /:  pn^hcati'd  bar 
of   type  as  the  tllm  is  supported  by  a  hard  ruhbfi   v  id  or  platen-  llie 
coated  side  o£  the  tape  is  lurciHl  -igtlnst  *       film  in  the  conf  Isurat  Ion 
of   the  letters  and  numbers  al   tlv  I  vpe        .     Ihi'  ]?lKmenl  in  tranflf erred 
to  the  surface  of  the  film  in  the  form  of  opaque  n||>lvimiiHeric  characters. 

The  pigment  has  adhesive  c  haftu- ter  int  k     that  enable  It  to  stick  to 
the  photographic  film  .surfa^-e.     Transfer        piRinent  strlpw  the  tape. 


Th«rttfur»i.  the  tapt-  ftied  la  Ind^^xed  tu  ativam-fe  (6.4  mm)  aftur 

each  print  cycle  tu  makt:  avaiUbie  a  aolid  atrip  of  pigment  for  the 
ntfxt  ijBpreasiun. 

Two  title  heads  xire  pruvldtd.     KlthtT  one  can  be  used,  or  both 
can  be  aperut^-d  In  cunjun.- 1 Ion .     tiuh  head  contains  a  serial  nmabor- 
ing  head  and  room  lur  4-i/lb"  (1 13.8  nun)  of  type  which  can  contain 
fllphanumeric  information  set  fnsn  ctwanerc lally  avaUable  type  fonts 
in  a  variety  of  faces  and  sizes.    The  numbering  heads  can  be  adjusted 
til  repeat  or  to  Jidvance  aerially.     In  the  serial  mode,  frame  numbers 
cuu  be  sequenttally  printed  automat  leal  I  y.  with  the  rest  of  the  title. 

The  film  transport  i:»  driven  by  two  torque  motors,  conuroiled  in  • 
.■it her  dlrt-i  tiou.    Film  rr.!vc-i   ih  Htupp.-d  imimentarlly  by  hand  for  the 
print  cycle-,  wtii.-h  is  a.-tlvatc'd  by  a  f'U't  switch.     Ht>ldinfi  the  switch 
down  will  pr4>diue  ^Hif  prim  *V'1«-'  'Vei  v  A  Htvonds  for  volume  pro- 
duction.   Controlled  ciinpreb^tu  air  retK-tti  llw  counters  and  drives 
the  printing  heudt.. 

Standard  ur  thin  b.ise  l  i  Im  can  bt-  titled  on  either  the  base  or 
the  eaulslon  tiidt- . 

Uet.aied  Description 

Till-  Uu.il-HeaU  Film  TltU  r,   a  piu-uinat  ic -e lee  tr  ica  1  d^ice, 
deril^ned  lo  apply  t  uded-tlt  !«•  in{i>niuitlon,  which  repeats  frame  after 
tr.une.  and  rit-queiuiai  frame  luiinber.s  in  the  clear,  unexposed  area  of 
pi..ii.b:ied  tllni.    Film  sizes  li  nn  7Uiitni  to  9.5  Inch  (24.1  cm)  can  be 
titled.     The  sequential  or   indexing  counter  will  prlnt^up  to  and 
including  a  6-digit  numlur  or  any  .-..mblnation  of  numbers  and  spaces 
ttJtuling  six.     This  fa-il  lt;ii  i  ...nbinat  ion  miiy  be  sequential  or  re- 
pt-'titlve. 

For  the  rejjeated,  codwl-title  lul  ormat  l<in,  characters  in  6,  8,  10, 
or  12  point   lead  type  can  hv   .et  up  with  the  total  number  of  characters 
restricted  only  by  tlu-  stx-ln.  h  {lb. 2cm)  printing  block  space.  The 
lead  type  1m  ^i't   In  a  holdi-r  tield  iu  place  on  the  printing  head  by 
iwu  retaining  a  tc-w.s  In  tlu:  top  platu.    Type  can  be  changed  easily 
in  this  hoid»r  wiu-u  the  hoidi-r  is  removed  from  the  printing  head. 
Our  Lsig  the  titlinji  optT*  ^  Ion,   the  ctnle  letters  or  words  are  re- 
petitive on  each  J  rame  while  the  counters  are  consecutive  or  repeti- 
t  ive  as  desired , 

Although  the  machine-  is  t-qulpped  with  two  titling  heads,  it  is 
possible  to  use  only  one  head  by  turning  off  the  controls  to  the  head 
Chat  Is  not  being  used. 
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•\:ello"  tape  (black,  white  or  brown)  Is  used  as  the  transfer  neditoi 
and  is  ted  between  the  flla  ami  the*  lead  type  and  cfHinter  (figure  2'2). 


Figure  2-2.. 
Plgmenced  Tape  Setup 


317 


33^ 


  M 

The  lead  tyiH!  aiul  cuunter  muut  be  heated  and  proper  Tireasure  applied 
to  transfer  tlie  material  to  the  edge  of  the  flla  properly.    To  heat  the 
cvuntera  to  the  proper  operating  temperature.  t«o  50-watt  heating  elc- 
oeWa  are  inetelled  in  each  counter  nest.    Tte  eei^OTacare  of  these  ^ 
heJtmg  elmenta  is  controUed  tiMilvMually  by  the 

knoba  label«i  Pk,.  I  COUNTER  HEATER  and  No.  2  COUNTER  HEATER.    The  Ko. 
I  COUNTS  HEAl'KR  Im  Llie  temperature  control  knob  for  the  counter  in 
Printing  Head  1  (left-hand  head)  and  the  No.  2  COUSTK  IffiATIR  ie  the 
ttSBperature  control  knob  for  tlie  counter  in  Prlatlng  Head  2  (rlght- 
^nd  head) . 

To  heat  the  U-atl  typi^  to  the  pro|)er  operating  teaperature,  a  240- 
watt  heating  elt-mfui   in  InataUed  In  each  of  the  t%#o  blocks.  The 
temper  a  tuiv'  of  these  heat  Ins  elements  Is  iumtroUed  by  the  "Varlac 
control  knob3  labeled  N«.   1  TYPE  HEATBl  and  No.  '2  TYPE  HEATER.  The 
No    1  TYPE  HEATER  Is  the  ttsni>erature  eontrol  knob  for  the  type  in 
Printing  Head  \  (lelL-liand  heuU^  and  the  ^k).  2  TYPE  HEATER  is  the 
temperature  control  knob  fur  the  type  In  Printing  Head  2  (right- 
Iwind  head).    During  operation,  adjustment  to  these  "Variac  controls 
depends  upon  charae ter ist it h  ol  the  material  to  be  tltl^J.     If  the 
temperature  of  theae  heating  elements  Is  too  high,  the  transfer  medium 
will  flow,  and  It  the  temperature  Is  too  low,  improper  or  illegible 
tranater  will  result. 

To  obtain  the  proper  printing  pressure,  adjustments  can  be  made  to 
.  tw.ng.-  the  readings  on  the  gauges  labeled  No.  1  CCKJNTER  PAD.  No.  1  TYPE 
PAl).  N...  2  t:uUNTa<  HAD.  and  No.  2- TYPE  PAD.    Readings  on  these  gauges 
uiv  *.  hanged  by  manipulation  ot  the  two  control  knobs  to  the  right  of 
each  gauge.     The  extreme  right  control  knob  slwuld  be  fuUy  open  for 
each  gauge  and  then  the  proper  pressure  acKieved  by  turning  the  con- 
trol knob  nearest  the  gauge  counten  1  ockwlse  to  decrease  the  gauge 
reading  or  clockwise  to  Increaite  U.     Proper  pressure  is  achieved 
when  the  film  la  not  embossed  and  the  title  Is  clear  and  legible. 
Eac  h  counter  st  irap  pad  and  eacli  lead  type  stamp  pad  its  own  pressure 
gauge  so  that  tlie  pressure  for  each  counter  or  lead  type  stamp  pad 
I  an  be  adjusted  Individually. 

The  pressure  gauge  labeled  C0UNTi3t  AIK  and  the  control  knobs  to  the 
I ight  of  this  gauge  arc  used  to  control  the  pneumatic  system  for  In- 
dexing the  counters, 

loo  high  a  pr.-HHure  *.n  the  CiKJNTER  PAD  and  TYPE  PAD  gauges  will 
cause  embossing  of  the  1 11m  and  too  low  a  pressure  will  result  in 
light  or  possibly  illegible  titles  and  reference  numbers.    Too  low 
a  pressure  on  the  COUNTER  AIR  gauge  will  result  in  Improper  indexing 
ul   the  counters. 
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PHYSICAL  CtURACTERISTXCS.    Thst  pneud^atic  and  mechanical  assemblies 
chat  laake  up  tim .Dual-Head  Filn  Tltler  a^  mounced  on  a  rigid  netal 
frame.    The  upper  portion  of  the  unit  con^^Bts  of  the  printing  table, 
the  film  hard  ling  oecbanism,  the  titling  hefads,  and  the  rubber  covered 
stamp  pads.    The  lower  portion  of  the  machine  consists  of  the  pneumatic 
ami  electrical  components  required  for  machine  operatit^n. 

Am  REqpiRBIENTS*    A  constant  air  supply  of  40  psl  shinild  be  avail- 
able for  operation  of  the  pneumatic  portl<m  of  the  machine.    The  air 
supply  Is  then  reduced  by  tte  pressure  regulating  valves  in  the  machine 
to  the  proper  operating  pressure.     It   iR  reconwieiuiec!  that  this  air  be 
clean  and  dry.    A  compressor  capable  of  delivering  1  ruble  feet  of  free 
air  40-50  psl  is  suitable  as  the  source  of  compressetl  air. 

ELEX:TRICAL  REqUIRmENIS-    The  machine  Is  defilgncci  to  operate  on 
llO-volt,  60-cycle,  single  phase  ae.     Power  i  <mHumpt (on  -  is  1,000  waits. 
A  three-wire  groutvied  receptacle  must  be  pn^v  id tnl , 

CONTROLS.    All  machine  controls  for  operatlcm  of  the  Dual'-Head 
Film  Tltler  are  located  on  the  front  of  the  m^u  hlne  within  easy  reach 
of  the  operator.    The  'Variac*'  control  knobs  for  regulating  tcaaperature 
of  the  lead  type  and  the  counter  as  well  as  the  pressure  control  valves 
tc?r  regulating  and  turning  off  the  iiuomlng  *  ir  supply  for  the  pneumatic 
^itamp  pads  and  counters  are  located  In  the  U^wer  portion  of  the  machine. 

The  Dual -Head  Film  Tltler,  designed  to  K-  used   in  normal  room 
light,  can  be  installed  in  any  clean  work  area  equipped  with  prn|>er 
electrical  outlets  and  with  connect  lotts       a  suitable  air  supply. 
A  work  space  of  three  feet   (.9  m)  sfumld.lv  allnwul  at  the  front  of 
the  machine  and  a  spat      from  one  to  t  hrt      int  f  ^        m)  should  be 

al  lowed  at  each  end  i>{    the  uiUt. 

Freoper ation  ProL edn: 

Before  i^peratlii^;  lue  Dual-IUu;  Mlii   I  1 1  U  r",   |u  r  1  ..rm  the  fdilowlm; 

U     SETUP  OF  PHINTINi;  11E.\1)  ]    (LIll-llANl)  )  .     Willi  t  h.-  printing  head 

ill  the  ralse^i  position,  set  f  he  .  ^tint  *  r  if)  'r  itit'^g  Hi-ad  1  t»'  tin*  proper 
digit  or  digits  for    thr   Mrst    t  r.u-..'  t  Ih    *  i  im         ]<-   tvi::iberod.      To  set 

proper  digit   is  reached. 

To  set  up  the  proper  title  in  the  typo  l^hn^k  of   fVintiriK  Heaii  U 
remove  the  fype  holder  frinn  the  printing,  head  by  1   usening  tlie  two 
retaining  thumbsc  rews.     Ix>osen  tlio  s.m  l  et  ^ef   h<  rrw  ;if   Hie  end  of 
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Vrtch  row  In  the  tV|H'  block  and  Inoert  tlu?  lead  type  to  a  bottomed 
position.     (Notched  aldt-  ui  Uu,  type  fanes  thu  front  of  the  typa 
block).    Secure  the  ty^v  by  ttghtenlng  the  socket  setscrew.  This 
auat  be  flush  or /below  the  surface  of  the  type  block.  Proofread 
by  placing  the  type  block  in  front  of  a  mirror,  then  vepUce  thm 
block  and  secure  with  the  two  retaining  tluimbscrews. 

Turn  the  MAIN  switch  ON  and  set  the  No.  I  COUtTTER  41EATER  and 
the  No.  1  TYPE  HEATER  "Varlac"  control  knobs  at  their  oaxiimffli 
net  tings  for  10  mlnutitJ.    Then  rettirn  than  to  a  predetermined 
Mftting  (see  NOTi:)  dllowlng  heating  elements  to  heat  the  counter 
ami  the  le«d  type  to  the  proper  temperature.    Then  reset  the 
"Varlac"  control  knobs  tower  on  the.dtHl  until  tests  made  with 
u  piece  of  ^^c^ap  film  Hh4)W  sat  i  mI  ;u- tory  rosultn. 

NCilh:     I'ropcr  Sii  tings  tor  picssiirc  an<,l  heat 
are  best  Jetenniiied  by  iid  justing  tlu.-  appropri- 
ate controls  while  lu  Intlng  on  m   ap  pieces  of 
film.     It  poHsibli-,  the  ycrap  pieces  should  be 
iit   tlu-  ti.««e  iititerlal  as  ttiat  to  be  titled.  These 
ti'SL!.  iitumiil  Ik.-  nui  unl  y  vif  tt-r 'a  1 1  preparatory 
stt'pH  noteii  'in  tlu'  iiperatlnn  portion  of  this 
Hei  tlon  art-  i  imipl  ettti . 

AdjuHt  thi-   in.  iWuiiiK,  .lii    presHun-  with  the  machine  pressure 
ciiutrol  re-ulatois  sn  t  lu  t  tlu-  ^au^f  labeled  No.  1  CtJUNTER  PAD 
re.ufs  10  psl  and  tii.-  gauge  lebeU'd  No.    I  TYPK  PAD  reads  15  psl. 
jpeii  Llie  valve   labeled  COJNTl-K  SEgii KNC I NL'.  AIR  No.   1,  and  close 
valve  labeled  COUNTER  SECJU KNC INIJ  AIR  No.  2. 

Place  tlie  "Cello"  t  ipe  on  the  printing  liead  supply  spindle 
so  that  the  tai>e  itrntln^  Is  next  to  the  film  when  the  printing 
head  Is  lowered  to  the  titling  position.    Thread  this  tape  over 
thi-  guide  roller,  In  front  of  the  upper  phenolic  roller  and  the 
rub^jer^^overed  drive  roller,  behltki  the  lower  phenolic  roller 
and  Into  thi-  exit  slot  so  tlkit  some  taix*  extends  Into  the  exit 
chute, 

J.     SETUP  OF  I'KlNim:  HEAD   >   (RIGHT- WAND  HEAD).     Setup  the 
counter  and  tyin-  block  for  this  printing  head  as  described 
above.    Adjust  liu.orolng  air  pressure  with  the  machine  pressure 
control  regulators  so  tliat  liu-  gauge  labeled  No.  2  COUNTER  PAD 
reads  10  pal  and  the  gauge  lebeled  No.  2  TYPE  PAD  reads  15  psl. 
Open  the  valve  labeled  COUNTER  SEQUENCING  AIR  No.  2.     Set  the 
No.  2  COUNTER  HEATOi  and  the  No.   2  TYPE  HEATER  'Varlac"  control 
knobs  at  their  maximum  settings  fi)r  10  minutes.     Then  return  to 
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the  previously  determli^d  settings  to  fallow  the  heating  elcsients 
to  heat  the  counter  and  lead  type  to  thv  proper  temperature. 

If  It  Is  not  In  the  raised  position,  raise  Printing  Head  2 
(right-hand  head)t  place  the  *teUo'*  Lbvv  on  the  printing  head 
supply  spindle,  and  thread  in  the  manneM  described  In  step  1. 

3.  SET  UP  OF  PRINTIMC  HEADS  I  AM)  2.     Set  up  the  counter  and  type 
block  for  both  printing  he^s  as  dt'scrilunl  in  Btep  I.  Ri^ulate 
iiicctaing  air  pfesmire  with  thu  nun  hlne  pressure  oontrol  regulators 
^4o  that  the  g.«ugc8  labeled  No.   1  ClXJNTER  PAD  nnd  No,  2  CCIUNTER  PAD 
read  10  psi  and  tluj  gauges  labeled  No.  1  TYPE  PAI)  and  No.  2  TYPE 
PAD  read  15  psi.     Set  the  four  'Varim  "  controls,  hibeled  No.  I 
COUNTER  aEATER,  No.  1  TYPE  HJ^TER,  No.  2  TYPE  HKATW ,  ami  No.  2 
COUNTER  HEATER  at  40.     If  not  alrtMdy  In  the  ralHtnl  ponltlun, 
raise  both  printing  headn,  place  the  "Celio'^  tape        thi;  printing 
head  splmlleSt  and  thread  in  the  ininnor  tU'ScrllKni   In  »tep  K 

4.  *  THREADING  FIIM  F(M  TITLING.     Ihe  machine   is  ilcsl^n*Hl  so  ttiat 
cither  spindle  can  be  used  as  a  supply  pliidlc. 

If  the  left-hand  spindle  is  to  be  used  as  the  supply,  place  the 
material  to  be  titlcad  on  this  nplndle  so  that  ihv  film  c  innes  off  the 
top  of  the  roll.     Then  thread  it  under  ihi'  left  guide  roller,  ac^^^ss 
the  printing  table,  under  tlu*  r  i^^^  t -gu        roller,  aiu!  nfit<i  the  top 
o\    thv  takeup  spool  oa  the  rlp,ht-hami  Nphullf. 

Both  left  and  rlgJif^Kulde  rollers' arr  plv<»ted  i  or  tonvtnlence 
during  thret'kl  ln>;.     Wlu'U  the  f)i»ok  i  lamps  tui  t\%*  front  of  these  rollers 
are  relenstM.   thf  rolli»rs  <  .in  tn-  tiIkih!    xwl   ihn  f  Htt  threa<led.     Am  cr 
thrt'.iding  Is  itimpletcs    h^wir  t\\r  roIU-ff-  atul  rhHnj-  f  lu^m  in  pla<-e  kc 
tht'  film  at  the  propter  !u'l^',h!   a!)*^'*'  stamp  pads. 

Wien  titling  '7ther  than  70mri  t  Mni,   i       m^x-   fal   J^hm  ^',ulde  rol  liT 

shown  between  the  two  printing;  hi«  ?ds   is  r*'ni<n'<''l  .     Tn  tU-  this,  loowen 

the  tw(^  screws  in  thi-  fnnuntin,^:  hl.uk    nul   lift    {he  ttitlre  unit  oif 
ihv  pr  int  In^;  t  ab  h  .  « 

Wlien  titling  liupe  film,   a  spri  ial   nviiM  i^Mh-r  i:iust  5e  uwed  to 
prevent  ciifl.     Ciamp  thif^  ro!  U*r  in  tb*^  i-th'r  i»i    fhr  cutciff  for 
Priatin>;  h  ad  2   (r  Ight -haii.!  head)         tii.it   i  \u-  :         r  is  po!<  [  f  fdnecf. 
between  the  two  printing  he^itls.     'i\w  hark  i  il^^v  i^i   i  h«    nyhm  r»^ller 
must  be  even  with  the  t-dgt^  of  tlu-  film.     Throati  tin*  «lupf  film  undrr 
this  roller  as  It  passes  f mm  Printing*,  }h*;u\   1  tti  Printing,  Head  2. 
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iotti  th^  ctou^ter  and  the  cyp#  bifick  aire 
an4  i-ontact  with  either  «'Ould  cause  a  tiufn. 
Be  careful  to  keep  any  part  of  the  hamls  or 
arma  froa  cooilng  in  contact  with  the  type 
blocks  or  counters. 

When  threadliig  Is  complete,  lower  Printing  Head  1  or  Printing 
Head  2,  or  btuh,  tu  the  print  It^  position  and  lock  In  place  with 
the  clamps  provided  on  each  side  of  the  printing  head.    Turn  the 
kmirled  knobs  for  these  damps  clockwise  or  counterclockwise  to 
lock  the  head  In  place. 

Turn  the  No.   1  TAPF  UKIVK  switch  for  Printing  Head  1  or  the 
No.  ^  TAPE  DRWE  HWltch  for  Printing  Head  2,  or  both,  to  the  ON 
position  and  adjust  the  speed  control  knob  on  the  right  front  of 
the  machine  (above  the  Direct lonal  Switch)  to  read  between  70  aid 
80.     This  setting  should  provide  sufficient  forward  torque  for 
wlndup.     Adjust  the  speed  conrri»I  knob  on  the  left  front  of  the 
machine  to  read  between  40  and  50.     This  setting  will  provide 
sufficient  reverse  torque  to  kt-ep  proper  tension  on  the  film 
during  the  printing,  operation. 

If  the  supply  roll  Is  on  ilie  r ij.tit-hand  spindle  and  the 
takeup  roli   Is  on  tiie  U*f t-tiaiul  spindle,  iuljust  the  speed  con- 
Mul  knob  Oil  the  left  front  o\  the  machine  to  re*ui  between  70 
and  80,     Adjust  ttn.*  speed  control  knob  on  the  right  front  of  the 
mai*hine  to  re^id  between  40  and  50. 

5.     PRINTIWi  HEAD  ADJUSTMENT.     Both  printing  heads  can  In;  ad- 
justed front  and  back  to  ^commodati-  any  variations  in  the  un- 
exposed areas  of  the  film  to  he  tltk*d.     Printing  Head  2  (right- 
hand  head)  can  alHo  hi    lov^   l.»ft  or  right  to  provide  for  perfect 
plactSBent  of  the  title  on  the  llhn. 

b.    TAPE  ADVANCt;.    To  prevent  a  Uowlng  imprint  of  characters  frcim 
heat  softened  "Cello"  tape,  wtien  starting;  a  titling  operation,  move 
thii  TAPE  ADVA24CE  switch  to  the  ON  position  until  unmarked  tape  Is 
under  the  counter  and  lead  tape. 

7.     LIGHT.    Tlie  machlw  Is  equipped  with  Illuminated  viewing  areas 
to  the  front  of  the  printing  heads  to  allow  the  operator  to  determine 
wlitfther  the  titling  operation  Is  being  performed  satisfactorily. 

♦ 
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Turn  the  light  swltrh  to  the  ON  p»'8ttloii  to  turn  on  the  lights  In 
the  viewing  area. 


Operation 

After  accomplishing  the  preopf rational  steps  in  the  previoup 
section,  the  fu  I  lowing;  steps  arc  ready  io  be  performed. 

1  .     SWITXIU  POSITIONS.     AfttT  the  m.ichlnc  li.is  been  set  up  for 
operation,  using  Printing  Head  1,  Printing  HeaU  2,  or  both,  turn 
the  timer  switch  to  the  ON  position. 

If  the  film  to  be  titled  la  on  the  left-hand  spindle  and  Is  fed 
from  the  top  of  the  spool,  turn  the  film  d tree t Ion-toggle  switch 
bilow  the  supply  spindle  (li'ft-kiml  spindle)  tn  L  to  apply  reverse 
torque  to  thf  supply  roll.     This  keeps  ti-nslon  on  thp  fllffl  during 
the  titling  operation.     Turn  the  t  Urn  direct  1on-to«gle  switch  b<— 
low  the  takeup  spindle  (right-hand  splulU')  to  R  t.«  apply  forwaid 
torque  for  wlndup  of  thf  titUnl  tUm. 

If  the  film  to  be  titied^^s  on  the  rl'Klit-hand  spindle  and  fed 
off  the  top  of  the  rpool,  turn  tht-  fllra  d  Irectlon-toRgle  switch 
below  the  takeup  spindli-  (left-li.ind  spindle)   to  1.  to  apply  forward 
torque  tor  wliKiup  of  th»'  titU-d  I  ilm. 

In  Hitme  titling  oiie r.it loiin,    it    is  iu<,  essnry  to  unwind  the  fllra 
fruRi  tU'  bottom  of   the  sitpplv  roll  and  w  I  mi  llii-  titled  film  onto 
tlie  bottom  of    thf  t.ikeup  roll. 

Wlu'ii  iinwftnflnK  from  Itio  botto"!  <?f    f  d.    'mu-iIv  <•»    tfie  left-haihf 
NpliHlU'.   turn  liu'  t  Hni  d  i  r  .•<■  f  i  on  (  .h-k  1 .wif.li  umit-r  the  supply 
^.p{:uiK■   In  K   to  .ipplv  ri'vci  ■  .    lornne  f"   'lie   snpplv  full.  This 
k.-.-ps  it'nsii^n  t>n  t  *U'  t  i  Ir,    :-tii-/   !  hf  '      '  U\^:  oprrnti>.n.  Turn 
t:u'  film  d  Ir.'.t  i-;i-t. ')■,?■. '•■  ■  •  '  '  ■'^'••"'i'  '^P'^'^l  ^" 

.ipplv  turw.tra   l>>rqiu-   f.-r         'm-         1  ht-  lid. -I  lil).,. 

TIT'. INC'.     St.'P  flh>  t;:-,  •  -.t         ..-.v^  '  vliij,',  p-.'^'^ure  with  \ 

gloved  h.iml   to  the  lHr)-.o  hnol.        ilw  su;*,    v  «pinUl».     The  frame 
t-.'  bf  title. I  -^IkmH.!  1-1'  s  (,-,...■.;  JireMlv  •..!••   the  p:  int  Ihr  head 
or  head';,  "t  -is  ..ill.->j   \or  '-v  the  t  i  t  1  inr.  :  ••<mi  irfn*MU  s.  The'^i' 
rt'quir...:u-nts  a!-.  .'.-Mn.'.!.    wlu-. '..-r    .-n.  '    ;    h^'iU   t  1  f  1  f  hi'.i.l^ 
sluilt-  h*'  us»'d.   tbf  mt'tlKni         u-.iuy.  (  h.-  t  1 ;  1  <  tn-   lie. id.,   -ind  tlu 
nvinner  in  which  tin-  (itliuK,  is  pi  nei!  "•;  the  Him. 

After  stopping  the  f  i  Im  movenuiU  .  <i<  -n-ss   uu'   r.-lonse  the 
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tuot  dwiti  li  to  ijjUM  HCt^  thi-  "HiMikiwii  l<  "  Tuning  Unit  wliUh  aliawf*  air 
tu  gti  to  llu'  luW4?r  ^yiiiKlfifij  uii       U  prinlilig  lu-.y. 

mis  fclmis^  uUlK  ia  py^aaat  a«  th*  tmt^f 
M         aiid  tilt'  Hft  ill  thi*  camH  should  lust  Ih*  changed 

except  for  rht!  cm  on  thf  extreme  left  which  con-. 
trols  the  tape  advance •    See  step 

Applti  Htliin       .ilr  to  thi'rtA*  i-yinuiers  raises  the  rubber-covered  , 
tit.imp  pad**  to  prt'Mfi   igalnni   thr  *  ouiUi»r  ;ind  U-ad  tape. 

Hiu  padb  .iXi    aut  omat  ii  ciily  hi  I  d  .i^^-iin^t  the  .  nuntc-r  ;uul  lead  ty{>e 
liu    the  t.n^-   ILut    uii    In  tli.-  llmlnr>  mvi'hanlsm  and  then  lowered  to  th^ 
re.st  iHJtsitiun.     At'i^r  Un-  Ht.inip  pad:^  an^  lowtreu,   t  tie  ''Cc?]  lo*'  tape  is 
.*tlviiiww*d   \lk  lUi  h  (^*,MiiBiil  auttmuit  lual  ly  My\   the     uuntfr   in   liHlexed  t»' 
tilt'  ni'Kt  dini  1  « 

A  titliUK  I  y4.  l«'   i.iki'.N  ^fb^Hii    '  ♦ ,  >    .i.w^iis  to  r*>mpU'li'.      It    I  hi- 
4ip%  ralor  tallti  to  n'ieM.si-  k\w  l  ^'^a  :  wUi  h  as  -Joon  at^  ht*  iK-ars  the 
ii'wei   t-y  1  liuii*rr>  .idvaiu        t  iu    tntii^'  .\\\y    wi  !  1  ivpL.ai'd, 

K     AlUUSTMKNr  i*'   i  APK  Al)VANC:i   i.AM-     W  t  a|u*  Jotvs  not  .tdvanci' 

HiOtltiently  to  prrvtMil   fUipfi  LupoNl  t  i       ol   <.  harai  tiT     tui  thf  Cello 
lap^i,  nuiVi'  Ihf  ?»lup:.         «  !if  *  aiu         at  ^-il  at    the  t'Klr«Mnc   U-ft  of  tht- 
••Ht^adnuit  ii      I  imi  iif^  inil   .sii>',hllv  larilu-r  apart-     S.Mi'C  t  a  p4?sitii»n 
lu  pifmif  advam  liiK   Hily  uiri  K  itut  Iiih'  tc  previMU  superlmposit  ion, 
U-iuv,  '  .irdul   Ci)  pri'Vi-nt   tape  wasio,     lu  gain  ac  i  v-hs  tt*  the  '"Me.idnia  t  ic " 
TiiuinK  ihiit,   turn  t  n^-  knob  he  low  'Var       "  ituuna  knobs  i-cmnti-r- 

rluckwitie  open  tlw  hinged  duiu*. 

^  hiitdouni 

WtuMi  shutting  tlu-  uuuhine  ilown,  nlo^?v  liu*  printing;  ht*ads  to  iho. 
laisi-d  pof^lilon  to  ki-i-p  irom  loiminr.  -i  l,lat  spi^t   in  tlie  rubbiT-covrred 
t .ipt*  il  r  1  vi^*  ft*  1  It*  1  . 

iurn  UFK  Inaii  tlu-  M^iiu  r^wil^ii  aiul   \\w  air  -i^'ipply. 

Il    till-  ukiiliino  i:t  Lt>         uifi'  lof   oven  a  short  period  o\    tirio,  ii 
i.-,  >;t>iHl  prac  t  1*  o  to  tiirn  thi-  TiiiiiT  Nwlttrh  UKK . 

Prevt-nt  lv«   Malnt  i-nani  c 

All  It.Misrki-opin^',  pro^i*duror,  iUit   ar^^  nomiai   !  or  plioto^r aphi 

t'^ulpnu-nt  apply  \o  \\w  Uj,ii"HoaJ  I' i  uiUr.,  in  adilition,  thf  following 
bpek  Idl  matutonanc  f  .^orviiofc*  .TU*uld  t>*    s.  luilulvd. 


/ 
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i.    DAILY.     BruHh  all  fUklngf^  from  t  hr  "Colla"  tape  off  of  the  printing 
table,  the  countern,  atul  C.hf^  lead  type.    Vaeuua  all  Hurtacen  arouml  the 
printing  aireas  lo  remuvt?  flakliign,     liKorrfH*'  cxtrrmc  rnrr  tti  be  fiurc  that 
tltt*  fiaklngs  do  nut  become'  wudgrd  In  thv  nUlur  bcnr friRfs. 

f» 

Wipe  off  all  rollers  on  the  printing  heads  ti?  prevent  a  buildup  c'f 
tlakinfis  on  the*  rollers.  Hie  rollers  shiMild  Ih'  wiped  rll  with  Holvenf 
prriodii  al  ly- 

IH-RIODIC.     The  roimtiT  should  lu    lii!>r:    iled  evei  v      months.     If  at- 
muspherlc  i'tmdill»»ns   in  ihe  area  wher     ihr         1 -Head.  K  lira  TUler   Ih  iu- 
stalled  are  conducive  tu  runt,  t!ie  lounteis  Hhou  Id  be  lubrlcfited  more 
frequently  thait  at  1  mimtii  Intervals,      It    ih  r#H  timmendfd  that  the 
c^ninters  be  remi^ved  from  thv  printing  heads  and  retMrnt-d        tht^  con-' 
rrartor  tor  hibriration.     If   it    in  ai^inrd  nei^'Hsarv         nibrif-ate  the 
.ountiTs'  at  tht'  site,    instcu  i  •     '-I'li    iti<ni  will   he  lutniHhfd 

!fv  i\xk   inauuf  ac  Luri-r  \i\un\  re<|ut*?;t  . 

TIk-  cylinders   !or  tUk-  mamp  pad*:  should  bi-  1  ubr  h  .1  t.d  every  J  or  ^4 
munths.     To  lubriiate  thesi'  cylindef  N,   put  a   few  i\t  -V^  of    oil    In  ttie 
raain  air   lini'  so  that  all  ^vlii.ui  rs  and  v.Mv^"-  will   t..  rlvt-  a  sniall 
.intiunU  of   luhr  ii  at  lc»n;  or  put   .1  ^oupU-  ui    drt^ps  of  nil    In  the  separate 
.iir   lim-  iof  oach  .vlindor,     \  y^^^Kl  r.radr  oi    lirJa  itunitine  oil  whouM 
bf  used   In  t-ithi'i   ap^  Ileal  iun. 

\vvr\       '^'lUiis,   put       1       iirt^ps    »t    .1  ►\  uKi  ^;rat|i'  nt    Ih'Jii  ma<'lHnr 
in  i!m'  <'ii   . 'M         tin'   "h.iiiinr*'  n  'tor  . 


A      r  • 
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With.',    At  t»<r  lU  iniijijitf  rMturn  kuubti  to  Ihult  reconuntiidud 

aettlngt.  (ClKiNTliK  Htl/VfaiS  to  iU  and  TYPE  HEATERS  to  48)  to  ^ 
4lluw  tttfatii%  eltftncfittf  t*>  lu'dt  t  lu*  touncer  and  ty^  to  the 

11.  Adjust  No.  I  Ca'NTtai  I'AD  to  10  psl 

12.  Adjust  No.  1  TYPE  PAD  to  !!>  pal 

13.  Adjust  No.  2  COUNTER  PAD  to  10  p»i 
^  U.  Adjust  No.  2  TYPE  PAD  to  13  imi 

1^,     Adjust  COUNTt:K  AIR  Li»    U)  pfil  «  -  ,  •" 

NOTt:     ii  fU'i  t-ris.irv ,  'h..«i  ..lul  pt.  f.sui  f  t  an  lu-  readjusci'd 

Whi  U"    piiniiilf:    nil    ■,<t.ii'    iiifii'H    .'1  fill... 

1  /  .  TiMKJ<  Hwi     h  itN 

td.  LIGHT  j^iwiti  h 

1*1,  TAPL  DRiVK  No.    i  aiul  No.   .1  OK 

20.  Set  COUNT  on  0 

Jl.  Run  PLATKN  TiM  t-u   N-  ^    ^    ivrK,   No.    I  c  (H'NTfCK,  N*).   2-e«ri<l'«,  and 

No.  2  rVH-:  ( 

Si'L  VOLTAUi.  loi    lilt   .n**i   M>;ia   iHiU/>,  i  iCl\AL  SWi'Ulii 
iS.     HtjidliiK  luitul  N|wikiior».   r.r:    lilt    ukl  rl>;ht  DIKKCTIONAL  SWITCH 
Shutt1i;wr. 

J.    MAIN  POWER  HWit.  h  uFK 

4.  Air  Hupply  OFF 
4.     IfeatetH  OFF  ^ 

t .    Air  valvf H  OFF 

CluBe  COUNTtai  Sl.i^KNClNU  A  IK 

7.     All  BWltiht-K  OFF 
H.    <  li^Hfi  work  art-ii 

"UM-AWAKF  POKTAtUJ-.  F  1 1>1   HTI.W*  Mni>KL  li 

The  Deiaw.tr^*  Poriahir  FjIim  litl.  r,  MoiU-l    ii   (i  igurt-  2-ih   Is  ^ 
Pneuiu.i  tic -tf  lei  t  r  ir<4 1  'it*vit  t-,  tirr*  ignni  t^*  ij^piv  toilt-d-t  it*Ii'  information 
on  ihtf  tfn'uirtlon  "i  nUlt*        prott  .^i-d  .uTial  photn^rapUir  films. 

iitU'  tn.oniuaiiiii  l  hv  .ipiili^*]  .*low,,  osu'  biii  jtr  i^r  within  the  inter-- 
'    t  rawti  ar^aclngii  ut   tU*  tilm.    All  scaitdard  t  i  Im  vidthj*  betwc^-n  70mm  and 


9  1/2  inches  (24.1  cm)  can  be  tttb  d,  counter  will  print  Sp  to  and 

including  a  4-%llRit  number.     T\\U  4-titglt  combination  may  be^eequjpnt  lal  ,^ 
repot itive,.  or  sk Ip -number tnl . 

For  rcpvatedt  i  ixlcd-^titlc  Information,  a  ihoU^  frOTi  t%#o  sicee  of 
characters  i  an  be  cmahi  Islu'd  wiiti  the  total  number  of  characters  Uuiltrd 
only  by  the  I   7/ti   im  h  ^'ijf^H  \m)  rapacity  <'f   the  type  holder.     One  or  two 
rows  of   lypc^"  an  Ix*  emplovi^ii   in  the  t  vpr  hulder.     Durfng  the  titling 
i>peration,  the  C4Kie  U  llcfN  iU   wtuds  setu;»   in  t  ht-  type  holder  will  be 
repeated  un  oath  iranic. 

Detailed  Desi-ript  ion 

The  film  essentLilly  ionslsts  of    a  lUler  merlwsnlsm^  two  spo(0. 
drive  assemblies,   .in  air    unipr  r  *,s«;r ,   type  pn-hoator,   and  a  fooiHwitrh. 
The  bottom  ot    thi'  carryiju-.  ^  f  i-rr»^*  Ui.    Imso        i  Im-  film  tUler, 

TITLKR  MECHANISMp     The  tnUr  ne»b.uilsm  liMiBlstn  a(  a  support  to 
which  Is  attached  a  pivot   rln^:.  pivt   riiiK  stipports  n  rotating  ring 

which  holds  two  pneunuifii-  tvlinders;  oni'   1^  ojvratr  a  counter,     A  titling 
tape  teed  and   takeup  me^  h.uii  siu ,  ,i  l  ypi'  huMiT,    -uui  ai^juuiated  components 
are  mounted  on  tht*  titling;  ht  id . 

Pivot  Ring-  Ttu^  pi  vol  rln>',  -^upporf^  tiir  roiat  lag  ring  ami  alh^ws 
it  and  components  mounted  tlieriuui  tij  br  pivoti-tl  1  rom  the  vertical  p<^si- 
t  ion,  wiiert'  t  it  I  hu;   is  pertornnxl,   t*»  t  1  r^'^nt  ,i  1   position  foninj"* 

the  iounter  t^r   U    pvrtorm  v^ttur   st  ^  \' .     Ti^'.ht  en  i  fi>*,  .i  knurled  t/.jih- 
^'.vTfW  locks  the     ivot    r  i:    t  ii.*    <;  *  ^    'i'ir  ]i<i^^itirn. 

« 

I  i  t  '.:t-r   .]  I  r'  i'i  1  i  > ' .)   '.    :  : . .  '     L ;  '  ^   /'  i'  it    '  :  '  1  i  .  ^     i  nf  *  ^rm;i  lion  ^  'if. 

t  !  '  i  i  'o'   •     i  i     •  •  1  -      . .   •  ■  •  !  '|.     ♦  V  ;  I     «  i<!  f-r  ,    i  nuJJf     :  , 

^''v^   f  :  :  5  '  '  -  •  ■  .  "  '         f  !i.    t  ■  f  i  f  ^1, 

-     i  *  :<         '  '  .  '  •         ^  •  <  •  •  ■ .  «  a.  M    t  I;:.*.- 

'  ii.     •    .  ■  \  .  ,    .  ,  ,      .  'i      t  .  I  '  i  nj;    It, id  , 

i  1  t.  L  i  a^'.  lit-  1  J .      1  r.t    t  j  t    .       ;,s.  i  J      '  , ,        .  w  . ,  rr  ,   i  j  c'-a  t  ed   iu'  .i n 

lio  Id  I' :  y    t        t  y  pi-   iira    1       r  .i  r  f  r    .        ,    .i  .  .- 1  ,  •  ^    .  {  ).  ^  ,i   t  fH*nDOlv,et  el  . 
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h  i^ui'^'  2-5.     i'ort, ibit'  i-'ilxn  TitU^r 

w'U.  Ii  art  ur^t'd,     lu^'  /t'r.»  rlLir.n  tri-j.         tiu-  t  iv^-  unusod  wheels  can  be 

'    ifuJrXMi^'.  i.vinilc'i-     Hi*'   Huif.".  1       .yliiuU-r    is'.i  ^maU,  doub  U'-ac  t  in>; 

iVliyhl'  i    'J..'!   ^  .tii    HuM'X   t        .lUiiiit  r   <;tfu'r  once  or  iwirc^  bctw.-fn 

tr.Uiicn.      The   Ml!    .vllud*.!'    1  an  ai;.i>   ix-  to    til  U^W  r   ju- 1 1 1  lous  lUimbiTlng. 

ruling  iapi-  i'i'iMi  i.iKvup  M.-;  han  i  riiu .     Tlic  tilling  tape  Ceed  and 

t.jKi-up  mi't^uini.^m  ..mi.^I.sJs         la^u-  suv^       an.;   ;aki  up  wpuol.-:,   idler  rollers, 
.-kI   an  ad)tiHt.i!.h    i^aw  I    and   rar.iu't    w:;*  t  L      Titling    tape  ieeds,   dull  side 
d..'Wu,  oil    tht'  ti','    '1    tijf  t^'-is  :         •  *  ;  *        "lis  inuli't   tile  tu\^  t<*ler  rollers, 
arid    i:^  woiiiul  u,*  on  the  1  ake  ip  :.|>w..j,     Wlu'ii  I  Ut-  iitUitA  Head  moves  upward, 
Llie  raCi'^u^'i  wlu-v-I   uji  t  hi-  lakiMi^  .-.ii.iil  euK**^t  s  the  adjustable  pawl 

uiid  .'auMc'S  liii^  takr*p  spiHtj   t-   r.>iat<    a  trattlcMi  4?t   a  turn.     Thus,  a  fresh 


area  of  titling  tape  fnmx  one-oighth        onr  Inch  (3.2  mni  to  23,4  m)  per 
titling  cydu.  i 

Type  Holder.    TVo  sizes  of  type  holder «  are  furnished  with  the  filin 
titler;  one  size  for  d-point  type  and  uno  ti^r  lO-pdnt  type.    An  8-polnt 
holder  is  available  on  ordi?r»     Tw  HcU'cled  type  holder,   loaded  with  one 
or  two  lint*s  ot    typi:.    in  positlont^d  In  an  aperture  In  the  titling  head. 
An  insulated  handle  on  the  lypf  holder  facllltateH  fiatKn  Ing  wh«n  hot. 


>   SPOOL  DRIVK  ASSmBLlES.     T\h)  apool  drive  asHemhlies  (rewlmi  units) 
omnodate  film  rolls  in  standard  widths  frar\  JOrnm  Co  9  1/2  inch  (24,1  cnt) 
on  standard  aerial   f iliU/Spcxjls  up  to  7-5/8  inch  (19«,5  cm)  dlasieter*  Each 
unit  consists  of  a; drive  assembly  and  an  adjustable  spool  support  assejnbly 
that  face  each^a-ttier  and  traverse  on  a  mounting  plate.     The  position  of 
one  rewlml  ufTlt   can  hi'  rruitched  to  the  position  of  the  second  by  alignl^i^ 
ttum  with  the  Siime  miirk  on  two  mount  t*ti  ruler  ft.     Thus,  both  rewind  units 
^  .ill  be  adjusted  lot  correct  IxJm  widt^i  and  allgranent* 

AIR  COMPRESSOR.    A  piston- type  aix  compressor  supplies  air  through 
two  main  lines  at  different  pressures  to  operate  the  titling  cylinder  and 
Indexing  cylinder.     One  line  delivers  air,  at  lull  pressure  to  a  pressure 
regulator  on  the  main  plate  and  thence  to  the  titling^.y Under.     A  filter 
in  this  line  removes  moisture  froii!  the  air.     The  seconJ   line  lyis  a  factory- 
adjusted  pressure  regulator  and  a  tee  fitting.     Two  air  lines,  running 
f rcnri  the  tee  fitting,   supply  *iir   tn  "per.it*'  the   Inth'xing  cylinder. 

FO^A'SWllLH.     A  I    .^iswlLvN,   ,uru;tte<1  by  the  ^iperatnr,    Inltlafe^^  ^'i- 
tit!         i>perat  ion. 


TYFK  rKKHP^\lKi<.     Tlu*  tvpe-linhi<-r    piQj>t^; '      ,  y'  watt   hot  plati-.  Is 

\\    t  ■        t'lu  1 1    i  ',:!>  .   i  \  \h    tioht^-:      i      •  'f  <•   :''•>*  \  .*  i  «■    i ; t  ,'i  1  1  ik!    in,  the   t  11  1  i  ng 
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2.     TYPE  SKHH'*  t  il»f  JvHtrtd  lypc-holdL^r  ami  type*  font,  loosen 

the  typt?-lu»idir      iew«  auu  Inner t  tUv  desirtfd  charau tiers  to  a  bottomed 
iiu»4tiun.     (Thif  nottilied  ^idti  ut  lypt^  facets  tht?  front  of  type  holder)^ 
IAi«n  only  o<ie  lim  of  type  1^  riiijuired^  inhere  a  spacer  la  plac«  of 
'the  Becund  Une  of  lyiH?.^    Tighten  the  type^-l^Jlder  screws  to  apply  light 
pressure  again^it  ilie  type,  proutrei^ul  (hold  before  a  mirror  and  read  the 
rt-flected  image),    Clwuk  lo  Insure  ihe  type  is  ail  the  s^e  height,  and 
tiRhfen  tte  screws  tlrmly.     innert  the  typi-holder  in  the  titling  tead 
makin*4  sure  tliat  it  is  puriht-.i  in  ag jlnst  the  stop. 

1,      riiKKAl)llv^»  Ti  n  INM.   iAi^  .      1-   instal  l   p i ^mt-nt ed-t  i 1 1  in^^  tape,  Jlrst 
pivot  up  I  tk-  I'^.i.ird  '  '  r.  *      a<    i  s.s  to  the  I  ajv  feed  and  rakeup  luechanlsnip 
Thon  puHtt  In  th«    f^pi  ih^.,  ;».ad^.l  I'ianie  tr  one-half  turn,  and  remove 

It    aiui   th.'r  ^;uLi.'  s;  .uppiv  spool.      (W^^RNlNf;  —  If  titler 

has  bt^en  in  tipetatlin;   .i     i.*'     lo.iii.  i  ut-   t  1 1 'I  niK  i.t*ad         it   1^.  lOt^- 
/SO'T   (121  ^4:  )"-'ap,»l  w^Miu  a  si'v».'ii    hurn^.     iicr.u        th*'  Ubod  tape 

\  ore  ami  lUace  a  nt  w  i  U  'i  *  <  liie  suppiy  ^'|^0'M,  M',»lace  the  guide^ 
tlange  aixi   Lhi    r>fM  i      ^  Um^J  a     .ip.  i.hi'  laki:up  srtoi  t  rom  Its 

hr.u'k.-tti  by  piil  Un^  tia-  sp-  :  1     /  r;i  i^;.':    '<    .^-vin  th<'  frotU   of   the  tirler 
afitl   rem(?ve  ti.r  uscxi   :        .     Hi  ,  '     r  tiu-  f  irt-ap  spui.l    In   its  brcu  kets 
afu-erralnhiK  t  h.TT  (  iu-   i  .iH.utr^r      '   -./I'l         .s!uip  ovi'r   tne  takeup  spool 
Mtuit  t  ,     Feed   Mu'  liMin^',   i.iy.\ior,   !  lu    :,w;plv  spool,   dull  surface  down, 
undt-!    IWi)   fdlc'i    iiAlvtu,   ami  sc.ura    tiu    :    pe   ta   the  lakcup  spool  with 
tin'  rt|»riak;  fiip.      IMvot    t  lie   .^via^'^i  Jowr.  au-i   tighten  t  iu*  thumbscrew. 
'iNUil.     Alter  uslrv,     .  c-   .a;.f.    ri-raav*'  llu-  lapc-   to  prevent  danuige  da<» 
ti.    Me>  c  ) . 

'fvi...KM  L\fVK  Y  COMKOL  al  rriN^.'-.      i'an  t        Pt^Wl-iK  svileh  ON.  Tlie 
ittatcrH  are  i^uwi'^i^^  al   tiiiri  i-.e.      ii    t  Ul-  air  iompressor  ha:i  just 
been  I  neraling,  Wei  u   twt-  nuiua*  -  \  or  air   to  aleed  from  lines  before 
t<irnlnji  POWER  swiirirON.     With  ii^.i^ihai  air  pressur**  in  tlie  lines, 
t^Uf  air  compressor  will  oat   >a.u't.     :ct  TIUVM  control  knob  at  3. 
This  may  tiave   to         iiu  r*M.s<a   iu   deeie^eti  by  one  or  two  points  to 
ai)!aln  the  btrsi   h*  a]>p !  i  *  at  i  on  for  various  filrn  thicknesses 

t.r  matter liilH,     Next,    ioi^nen  the  thuml  .<-rew  and  raise  the  plastic 
j^'aard  ,     Ttrlrt  wl  !  1    farllUHte  ,h  i  ompl  i -'.h         I'ne  next  ^^teps. 

i' if  tL-en  mluiirL^r;  attrr   lurain).',         the  pi^wer  switch,   check  tliat 
t!a'   t  Jien:>i'n.t't  Hi    la^ii^a!  's  J'^n'v    i\2l'''i.).     Tins  niay  Uive  to  Ik-  in- 
t  liMved    i»l    a#s  riVr.eJ    l.r.''.!!   oiH    io    10  <iegr<-es   V    ( .       to    ^.S^C)  Tf^ 
ebtaiii  ()pt  inuiiu    till  1  a^',   ^esuit^^.      To    iiura-ast-    t  eiupt-r  atiU'e ,  turn 
t!k*ni^'Siat  adju'.UiuMii    -h  i  a-w   H      it       dirt-etly  behind   tlie  handle 
4)1   the  type  iu)lder}  i  tai  at  er  t  i     Kw  i  se  •     Allow  time  fur  thermometer 
tu    irulleale   tlw  t  en:i>erat  m  e  liiatiKi*.      i'^  Hrcrejse  t  einpe  rat  iir  f.  Lulu 
ttu'   therniiKUat   .i.i  ju-^  i  Men  l   seri-w  .  l^^kwi^i.     Turn  the  (HJMPKKSSOR  switch 
ON  aaii   adjaM    i  .a-   p.  ^  .,.'.iu  ^    ;  e,,i  !  lUa    nn-  !    s    m  a.l   .'H  p.^:;.     Tj:  I  .s  rt-adin^'. 
may  !>i-  varied  either  w  jy  i  roi.j  !         id  p^^i   tt>  ubtain  optimum  titling; 
results* 
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Next*  loosen  the  pawl  adjuatmiat  th\imbscrew  and  position  the  pawl 
to  advaiKei^the  titling  tape  to  the  roquir't^l  amount*'  Single-line  tltUnR 
tequlres  a  3/16  Inch  (4.8  mn)  wide  pr ii\t in^^tea  ami  double-line  tltllns 
requires  a  1/4  Inch  (6.4  nun)  wide  printing  ^rea,     (Withpavl  incite 
bottom  position,   the  tape  will  advat^  e  cne  inch  (25,4  mm)  per  title; 
In  the  uppernii^st  position,    1/8  Inch  (1.?.  nsn).     Tighten  the  pawl  adjust- 
ment thumbscrt'w  securely  and  carefully  nKnle  tlie  titling  tape  takeup 
spcx)l  a  few  turns  by  ftuvJ .     Thi^^  actfi^n  rm<ives  the  srction  of  tape 
with  the  heat-sot  tuned  pigment   tnnn  under  Uu'  tit  I  inn  head.   '  U^wer 
the  guard  and  securu   in  place, 


• 
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Operation  ' 

1,     LOADING  FILM  FOR  TITLI>ft;*     The  film  tltler  ls  designed  so  that 
either  spool  drive  aH^semblv  can  he  uned  as  ;i  supply  spirnlle.  Tlx* 
determination  <?f  whlci)  tmit  will   hold  the  spool  of    film  to  be  titled 
depends  upon:     (a)     The  side  of  the  film  to  be  titled   (eniulslon  or 
b^se)  must  be  up  as  it  passes  utnler  the  titling  head,   (b)  Wien  titling 
uu  the  edge  of  the  film,   the  Mini  ed^e  to  bo  lltled  must  be  at  the 
rear  of  the  rewind  unit  so  that   the  t  ilm  paSf;os  under  the  titling 

head-     (See  figure  ;!-4). 
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NOTK;     It  i»  rt*4  0Bmitfndti?d  thai  a  tesL  run,  using 
diiiupU"  tiim  ot    iht'  H^anu  tt4il•km*s^$  aiul  lype  aw 
that  tu  be  lUh*U,  b*?  made  bt^fure  starting  a 
l^iiductioa  run  In  order  to  det^rmloe  ptpper 
temperaturt!,  t iine,  ,and  air  preasuife  settings. 

Raise  the  two  ruliiirH  and  Llirt-iKl  the  film  to  be  titled.     Lower  the 
rollers  artd  make  aure  kith  Hp*>«»  1 -drive  assemblies  are  located  so  that  the 
itifurmat^urt'  tu  be  titled  will  W  ccntercnl  in  the 'available  space  on  tte 
film,     (NHTE — iteaurt*  tfvtt  the  spiU^l-suppoi  t  knobs  are  In  tKeir  detent 
pi>HttUm  prt'ViMU  in^'  i  .i  iy  axial  m  ^vemt  ni  )  .     Position  the  LH  and  KH  switches 
fj.t  the  1  i  Imi  nu'^'v:^  ti')m  Hui^ply  t^'  tdkeup  (figure  2-4)-   l\xrn  the  REWIIfl) 

KOTOHS  Hwltdt  ON  and  .id Just   ttu'  WWm  CONTROL  knob  so  that  film  moves 
from  .^uppiy  to  t  liuMtp  ,a  ;i  disital'M-  s|i4'4\t.     I'lu'ck   .luit  the  f  P  r.  runs 
withiHit   ».'i)ni      ling  tin*  ti.in)'t-:,    M    <  i  t  hcV  spool.      i'uru  KKWINU  ^ulORS 
Hwitt  h  OFF.       '  *  ' 


^i.  itLit  the  titifinK  v»l  1  1  W  pn  all 
1  Int'iii  iMi  1  Itti  rotVii  iti^;  T  \\\\\  ^.ltl^l^  1 
{U'«  k  lit    f  lu'  t7tij^pi»?M  .      tt    »nl  ;ti -'1 1  iii^'ii 

rcw  aikl  rtit*iCc-  i.  li-   lif  \         !k  ,i  i 
rotating  ring  uuiti-ii  tti-  line:, 
Tlghtt'U  ttie  t  huml^Si' rt»w,     ium  the 
tht'  Si  i;i2J  i!ONn<i)l    .V    r.u.t   tl^i    :  i  Im 
tukuiij*  at   tlu^  desiti'd  opt-iatui^;  np 
Ccilihrafed  ti  to  UK),  ooutrolH  riio 
a?>'t*  iii^i  >   turc|ue  iU4U<>r.*».)   Tije  v:iiut' 
i&  the  dirert  p^^rot-nta^t.-  i)i    lino  v 
torqtit    iftdtiir.     F4)r  t  ht*  pt-ri  t  tU  igo 
tklrt  value  \ti  Hublrai  toi!  I  rom   11 U. 
t:i  Sfe*t  to  10,  then  lu  pi nent  <>1  I 
thf  right   turqu*:  motor  <aid  90  per^ 
(99  VijUs)   1h  applied   t<;  tile  loft 


K  i  !■  1    i!io  t  li  i  In^  head   Ls  ponltioned 
^'1   .  v,i       f  Ujif  travel.     rho  two  .scribed 
^^(^  wi  t  n  t  !h-  Lwi^  Jinor*  .-»orllH*d  on  the 
1    i  '.  r<  f|;iiio(i   t  h<  u  itoson  clu'  thumb- 
:r,t  ii  tWi^  -uriN'd   lines  on  tho 

hoa  on  t  .*io  uorK  <»f  tho  tuipport  arm* 
KKW^^a)  MOTimS  switrli  on  ami  adjust 

irjVi'i-^  from  tho  .supply  to  t  fie 
.od,  (NOTE--The  SPEED  CONTROL, 
vtU[a^;o  applied   to  the  sjKjol-drlve 

t..  wiiioli  t\w  SPHH)  CONTROL  Is  set 
I'll  i^o   ^nO)  applied  tu  the  rlg\r 
appl lod  to  the  left  torque  motor 

Fi»r  example:     If  the  SPEED  CONTROL 
ine  voltage  (11  volts)  is  applied  to 
ent    (110  minus  10)  of  the  line  voltage 
torcjue  inot<.tr . 


Wlien  the  frame  ti^  b«    titled  travel..  !i»  tJu'  aj»p^^P^i**^*'  place 
under  the  tit  Ung  h<'au ,   iialt   rotation  oi    the  supply  spindle  by  hand 
prebbure  ijn  tin*  spiui  1 -snppar i    Kuoh   nil  pros^i  diiwn  on  the  footHwitch 
^o  initiate  { iie  tilln!>;  *-y   i^'.      (nneo   niifiat^-fi,   l!ie  .\yole  will  oijm- 
pJeir  rc^^rdiess  ol    t  tu-   !  oot      It  ^' li  j>os  1 1  i  on )  .     Release  the  footswltch 
and   fcjp4)id -Jfiuppi^r  C    knob.      Repeal    these   sf  ep?^   to   title  each  SUCi^essive 
frame.     When  the  niippiy  reel  be*  cnneh  eiupty,   turn  the  REWIND  MOTORS 
swltrli  OFF  . 

i.      INTta<FHAMF  TNLINLi.     lnrt»rirame  titiin^'is  tlie  same  t  i  M  ing  «m 
the  eti^e  eKi'ei»t   the  r  ^^tatia^',     *  ^i;:        turnoil  approximately  90  degrees 
to  ali^n  tlu-^  iitfad  with  thf  end  oj   the  i  i  Im  frame.     Kltle  Information 
is  applied  to  ilie  film  in  the  s.imt'  nunner  as  outlined  for  edge  titling. 
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Shutdo%m 

Upon  completion  of  titling  uprrationn  for  the  day,  shutdown  the 
film  tiller  by  flrnt  ansurlnR  that  thi-  Rf^flf©  MOTORS  Hwltch  1b  0Pf. 
Next,  turn  thv  CCMl'RESSOK  imd  PVMVV  hw1(<{u«m  OF!'.     Storr  tht'  footswltrti 
In  a  safe  livallun,   v  K  .in  tht'  work  .itfn,    uiii  n  t  irn   iny  rqii  1  pmetit  tu  its 
proper  1  iicai  Ion . 

Startup  / 

K     Assure*  iidtMj\uitM  tapt'  scipply 

2.  Attach  footHwItch 

J,     Plug  In  powt'r  cord         llOv  uutiri 
nAlN  FUWIQ^  swltih  OFF 

3,  Set  counter  uf  printing  UvM 

6,  Set   INDEXirCf  switch  to  deHirod  scttlitp, 

7 .  Set   type  blork 

POWFil  swltcli  ON-'-aftiM    1'^  -  fiMtos  rlir.l^  Tor   prMMT  tenpernturr 

(2^0''F)(Uri:) 
9,     Set  timer 

10.  COMPRESSUR  HwlUU  ON 

11.  ;VM«i^t   pressure   t«'  .ul.itv>r   i>  p>i 

Nv>H  ;      !j    lie*  <■  ^MT  ■  ,    h*  .1     nni   ,M»"-'iMr»'      mi  br 
ri-anju'^^   i  while   prf  itir;    -t^       rip   pi^r*'-  i't 
rilni!      In   '  ill'.        -      '  ^  Hwit.  h 
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Ab3<lAl.  ROLL  FII-M  CLEANING 

Cleaning  in  om^  of  t^m  most  liaportant  ami  isost  oft«n  repeated  Laslcs 
ever  ^loi^*     If  issi  a  largos  fjart  of  tli^  Of^rAtimial  ca«t  af  iffi^  ip4uS|;ry» 
In  the  pU.i.igraphir  t  i*  Ui,  <  U.uitaK  taJa^s  a  largt-  part  of  the  technt- 
\  Unn'  With  tk-  treJntMlUol^^4  jim  reasi?  in  the  use  of  photographic 

Intelligence  in  recent  years,  the  prbblan  of  cleaning  fila  has  become 
d tagger ing. 

without  prii|»er 

.  li'.iniu^,    tUi-t  <!iiiv  i  .       w)!i   ♦^i  uid.n  r  ;  r  uit.^ ,  with  poor  resolution 
.iiui  a   hiirfH   in   N  In  :i<f:.t»  ^  .y^^-   ,   an   iSuigi'  on  tlu'  negatlvo  is  so 

^n.,i|J  I  tk  t  Ll  '  i^t  i.yn^l'-tciY  oi^  I  i  ;  .n  1  a  par  tic  U*  of  dust. 
Filtn  cl%'Jaiu*i  hv  lunui,  i-^   tiit*      MU-^aMMiK  .m.l  t        iv.     Mai.:hiiu'S  ]i..ve 

.  i*.*an  i  n^^ , 

louuive   h»u£U   dir'    !  to;ii  c  1^  i-v'   las^;  ,^iidos  of   .ToccHi^ed  black- 

.md-wiiltf  ro  M   liini.      !t  i«i.imI.  -.iMii  i   diis   coilcv'tli^l  cm  the 

I  i  iiii  liy  f  I  ini  i  li.i »  i  11^'.  ,.nv  siat  i.  -  iiMtrii.*!   ,  It  jrgo,     'i'hi-  cleaner  will 
a»i  iiinncKhtti'  loiiri  f'^    \\\\:.   i  uui.tt.i  widiun  botw«<'r»  7Umm  an<i  9.S 

liu  lu'8   (^^^.i    r(i  )         -.^Mt.  i  »   up   iti    10,'*    iiu-'nt  ^i    (2h./  cm)    in  diameter. 

Tlie  rli^iuluK   i-'  diiiU'  bv  .  .  ill  .t*  :        1  lu    J  Urn  surfaces  with  tacky 
r  1 1  U  f til  whit  li  Mu-  ditt   ji.iM  ii  ii'  i    (ijiii  ii  .     Thf  static   tdiarec  in 
c  ho  film  is  orahod        p^ii^liu   t  tio  filn;  i-ver  a  Htatic  electricity- 
i.-llmlaator  bar.     lUii^  d  1        r^^o  tucurs  Immodiately  after  the  film  liajf 
iiaHHed  the   lant  toIUm  ju.it  prioi*  to  its  winding  up, 

hi>tti  wri/iiuii   iiOK*UiVi-  .n;d  dup!     .it  i  fir.  ii.i^^tor  filiiis,  eitli/*r  thin 
i»r  T.tandard  iKiSts    n  r     I<--{nid  with  tiii;  iuii  t  .     Ni)te  that  this  unit 
<  .innt»t   br  iistii   fit  ^  Iran  .  i>  i<»r   illms,      it    us   liitended  for  blatrk^aml- 
while  nuiit'il.tl  oai  V  .      i  hr  iu>',«iLivo   is  c  It'iiuc^  just'  before 

priiulng,     TIk  reatti-r,    it    i    i  i^miiiofi  [>rat  tlci-  t^i  tie. in  the  original 
m^Nifl^/i-  .ftffi   «-V''rv  t  Hjr  ;^rMitin/r'-     I'ir^  di:]'H(':ir  ing  na-Uer  Is 
.  :mnud  i.i  I  r  I  ;  uiiiT        .1     t^.'i        iir.iHM'tion  and,   by  some  users. 

At  trr  ttu-  tiiiiiut'i    In  UII4I  ii    shon  ia  be  thoroughly  cleaned 

.u|d  intftalltMj   \\\   iny  white-U^iil   wfi     wiuTe  a  ll^J'-vac,  60  Hz,  1150- 
wait,  .ii'jvut   *jut  Un,  i iVMi.ihlt.     A  working  are.:  of  at 

!i'u^.t  thrcj-t*  u*t-i  (  .  m)  is  iui.i*d^M  t  h<  J  ri>nt  i)t  tho  cabinet.  The 
*  t-l  »u  ive  huiLi  1   {  V    U<li;    iii  t  i'»     a  I  .»     i..>u  ).:  >()  t   S  porccnt.     If  RH 

u  Lhl^  rungi  ,  I  lie  t.n'ky  roll  t  ry  i:oi  i-d  puil  the  tanulsion 
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off  the  support.  ^ 

The  laconic  Tacky  Roll  Cleaner  »1k»w  In  Figure  2-5  has  its  aajor 
coBponents  described  below. 

CABINET.    This  stainless  steel,  fl oor -stand ing  unit  Is  41  Inches 
(104cro)  wide,  30  inches  (76cra)  deep,  and  10  Im  he»  (17Rcin)  high.  The 
cabinet  houses  the  tacky  roll  cleaning  assi-mbly.  a         CFM  blower,  a 
filter  installation,  ;«  rrfssurc  Hau,.f  .in.!  t  he  m.iln-.  ontr- 1  panel. 

The  cabinet  has  four  removeble  panel.:;  one  In  front,  twij  in  the 
back,  and  the  fourth  in  the  right  side.    The  panel  In  front  is  re- 
moved to  gain  access  to  the  bluwcr  atni  thf  filter  InntnlUtlon.  The 
lower  removable  panel  at  the  back  of  the  <  ahlnet  aUv  gives  access  to 
the  filter  Installation.     The-  .,p,h  '  P-nul    .t  the  ba.  k  prov  IdcB  acr^nr. 
to  the  back  uf   the  t.u  ky  rol!  <  lo.n,.n>',  ass.inMv.     Thr  Hma  H  pmu'l  "n 
the  ri&lit  side  of  the  cabinet        r-  inovtHf  to  set  at  t  h.-  rear  ut  tfie 
pressure  gauge. and  to  make  cUvtrl.  al  conm-  tlons  to  the  .  ontrel  box. 

TACKY  ROLL  CLEANING  AShtMHIY.     Hu-  bask  components  of  this 
assembly  are  the  bat..platc.  1 1.  m.-iorl.c-d  H.pplv  ^'"^^  ^''^^^-M'  '^L 
asHemblLs.  two  tacky  rol  Ur:,,  a.ni  t  h.  .tali.  ell.«fnator  bar.  These 
coiT.ponent8  shown  in  Figure       (-  ar.-  .U.^4^r^luHi  b.-l..w. 

Baseplate.  Tl.c  cleaurr  i..,  I <  «•  made  of  l/?-lnch  (l.*cn) 
aluril  um  \W  stock  .ind  i.*  .H...m.v  v.-.tlcMv  to  a  M.,ppor(  fr.-Bric  In  the 
upper  part  oi  tho  ••.<bijx'[. 

M.n,nteo  to  the  trout  ul    ti.:.  li-  -upply  m.d  t-'j'^-"?' 

N  spln-JU-B,    .A  rwc>-..tnl  supp-r  t   p   :i.-  )  -      -    '  ro    er.  and  Math 


•<,-.        :.■!     '-".1    ■  .1, 
«,'OSi.l  :<.)\v:  >Vj-'   I         -  '•''<  '  • 


.  i". 


.    '       ,      .1       \  \  C^'i.  h'm) 


^^^^         ;  '  '  -  ,  ,  ,    .  t         •  ill  r 

side   .'t'    :        -  i-c-J:tt-    n:  I  >v,..  .  ,     .  _  ^1,1 


bottom  ot  the  powt^r*.^  liiiau. 
to  the  h«ad-via  .  thni.^  beU      ^n.K  ...M;^v  ^  ' 

"ho  Id -back"  tension  to  tlu-  i  Mm    -ov.  .   it(..  n   .  t 

I 

-  ' 


to  lalwup  spitkll©  durlrtH  the  cltNitanK  upiTatluiu 

The  torque  motur  Lb  controlled  by  a  variable  auto transformer 
which  Is  poHltloned  behind  th%?  ronrrol  panal  houaed  In  tbe  tight 

front  of  the  rablrk't.     Thfs  riutotr;inHf ormer  ha*?  a  dial  markH 
H01J)-fi\CK  TKNSION  on  i\w  rontrol  p.nu  !  •     (Sec  IIOLD  fWCK  TENSION 

TtK'  piiwcrcd  and   idler  .o  <    counts  tiui  !o/  a  Nc^'.iior  npr  In^ 

which  acts  ti»  pull   tlK*  two  iic.i  is  I ihcr  ;ind   (Iimm  liold  film  f*p<iolf« 
In  position  K  tw^  on  the  iwo  iit  .idN.     A  ^  I  .unp  on  one  of  the  tw^i 
cylindrical  r.tf!  .     ni  'c   !ocki«!  U3  !iold  the  Idler  hend  frcm  the 
powered  head  at  .1  slight  J  y  U  s^«  iliMt;nue  than  the  width  of  the 
film  fipcx'l.     This  mak«  s  If  »«MivtMilt  nt   tor  the  <tper;i|nr  fo  repla'ce 
-pools  0I    Uiopi  |i  .t !   s  i /I  . 

Both  tfie  supply  HplmJle  aiul   t  tic     ik*  ip  spindle  '  ;in  hv  ad  h*^^***! 
Inlcrally  to  permit  I  i  Im  all^^nnient   hetween  ttie  splndleN  and  the 
tarkv  n'llors.     Adjustment        tMf.-.ted  hv  rolalln^,  the  small  hand- 
whoel  lenfcreii   in  tin*  rU;ht   snpporl   for  t  he  cy  I  Ifnlr  leal  ralln. 
iltfs  operatliMi  tarns  a  Uadsifow  wh  U  h  enK-iR*?H  a  nut  am  lioretl  In 
the  base  ol    thf  powered  !uad .     SI  rut-  (he  heads   ire  connected  by 
t  !j*    Ne^'-Uor   spring;,   tlK'vrun'*    ti^'.^'thri   .^iirlnr.  thin  adjustment- 

Mu  n: 

IV»  j^iiitcifi    ('MIC  r-'«ur*d   I':   i\w   powered   he;d  of 

h  spimllo  .issoni!>!v^    okI   tw.>  metal   rulers  fantened 
th*'  t).istp!aU'  1  a»  ililalr    tliianca:   of   t  ho  tw*»  u'llts, 

» t  '  !    ; '  T  4  v<  I    1 .1  i  •  r   .  I'  5      ':  *  -      i  >i  i  i  h  1  i  I'    i  mounted 

t  i:o  !  r  i    :  olr   iM,tor    hjt,    it    1^.  Idenll<''»j 

•  . .   :  !.^-   •  .   .  ,  V  . • .  -   :  ■-'    ;  '  '         5  *     ■  ■   ^    '     ^  •       ?  ^V"  ;    i  -    .  •   c ,ij»aM  •  / 

f    pr^niu.    .a;  ;t.'  ;  ■     :of.;;,  ,  .!.  '    f    :  to  hv  o  oihI 

^        .        J  .,|  ,tf  J    ,  ,      ..     ..  .  ,    ,    .  :      ,  !i   :  rin  ^    t  I  ailSf  0{  rjof 

-  ,       .|  {.{      ,  1 . .  :  '.^  *  !        i  - .  J   i     010 ; . '   i'!io  ii  i a ; 

ili!      I  '  ii-io    fi.  pull 

«  •  -      1  .  •  M  <  t  s ,    r «    •  If 


.7       o  .      .    '  ' ,  » 1 1  if    '{o    I  'i.i  t 

.  :i"  r.tn  '  '         '  -tu  *  f  ■       ■  -  ■  o'         Nuri  a-  e 

.  oiv.      i  '    :  .M.'         '  i    :  •  1  lor  a  ^  m*.  :  .  i;;.       .  ./  .   -  i        ■  !u     i  i:  c  ^  V  sptfitl  !o 

'  i      '    r  ■  ip     :  1  !»-;!■  .      i  •    ■      "      .  .  -  ■  M  :         .  ;  n-i  a      uu  au^! 

clviuiriuc  P.ixliito  v;ui.:)  pU  1-;  1:;^  .::!.!  ^Ir/l   partlrles  fr<mi  ll;e 

surface  i^i    thi    t  i  l.^i.      Kt*«  ^'^  ,  o;L.ii|/  ♦tar-»«  joristlcs  of  glycorlue. 


:v-7 


Figiin*  ^-6.     T.uky  Roll  CU^aning  AHsembly 

2.  Platf  ftir   latky  Rollcrb  During  Time  llit-y  Aro  Chan>;ed 

J.  Staiii    Eii'i  trii'iiy  Ki  imiii.iti>r  Bur 

4»  Ta-^ky  Rollt-fji  (Twi))  iUwd  for  CleantnR 

S.  Supply  Spiiulle  AHd«»fflhIy 

sw  ciABK.njio  ooi-ni-2 
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the  TacoDlc  Tacky  Roll  CU^aner  mast  he  operated  In  an  area  where 

relative  Iwisldlty  La  controlled  to  50  4  5  percent.  ^ 

One  roller  la  supported  by  tw  shafts  ^oae  h<nialnga  are  aecurcd 
In  the  metal  support  plates  mcmnted  to  the  baseplate*    The  outer  roller 
Is  held  by  twi'  sKtiftH  wliose  iHiuslnRB  are  ntinintcd  in  an  ar«  assembly 
which  is  attached  to  thi*  metal -support  plati'S*    The  left  shafts  for 
the  two  tackv  rollers:  arc  »prliv;^l t^idrd  enahl  InR  either  roller  to  be 
repUued  oasily  when  tlie  roller  lot  'm  Im  tacky  quality  and  no  longer 
sul  f  Iclently  cleans  the  film. 

Tlie  iirm  asstsrobly  which  .supporti*  one  of  the  tacky  rollers  is  movable 
tu  facilitate  machine  threadup;  l.e.^  the  arm  can  be  raised  and  secure 
in  the  "threading"  position.    With  the  arm  aHsewbly  locked  in  the  thread- 
ing pitsition,        shitwtt  In  Figure  2-/,  film  Is  simply  run  from  supply 
^vpindle  to  takeup  spindle.    After  the  machine  is  thre«Kted«  the  arm 
aSiJembly  is  lowered  and  secured  In  one  of  the  four  *V leaning"  posi- 
tions shown  in  Figure  2-8,  Film  wrap  and  cleanii^  action  Increase  an 
I  h*'  arm  asjiembly  is  moved  inward  toward  tlK-  vertlctil  baseplate  of  the 
tacky  roll  cleaning  aBHemblv, 

Fcxir  locking  studs  are  positioned  in  1  fie  top  and  bottimi  front 
1  i^rncrs  of  the  two  metal  plates,  twi^  studn  in  the  bottom  front 

corncFH  are  unetl  to  secure  tlie  ;irm  anHemhly  In  one  of  the  four  "cleanlnK' 
p-  sition.s.     Both  studH  hvk  .ml  unl»»»  k  In  the  same  m.'inner.     To  secure 
tht     *rm  .i-i  ;embl%\   they  are  puKtuHi   in  iint  {  !   ^t'  lfed  In  tUv  resppt  t!v«' 
bukini;  hi»los  i  i  f  Kii   iru-     Jo    tec  th"  arm  a'^nt^mbly,  they  are  pul'^-^ 

tMif  - 

IJttHf  ot    tUc  tVM  stuJK   O'lie   !s  sprmp *  ;  hnl)    In  tiie  top  front 

,    fi  '  T..  »»i  tf:c  nu't  *  .  *r        k  the  -itm  .uiHembly  in  the  "thre/id  ing" 

i.i  ;;fi*.!.  ;hf    '^^r:r.r  .    .      :  '  ■   t!:i-  ri|.;ht   plnte   In  useJ 


f, 


*.  t-ii  >  I  »ui  i     re  lc;if44*iJ 
.:i  !i"sn!?!  V,     Thi-  other 
1 1 ?    'tis  f  t  Ion  wfu'M 
r .        *    ):•'  afiid  uul  r 
,  '   *  '  '     tir  ♦    ?  \u'    inn  i  n 


bv  tht    iviti  metal  i^LiteS  which  sti;pi»t 


p.  I  Nl .:       lit  ..I  ';i:--el  Imin.it 
:.',{'.    -  •  .  .    in;i*iir  bar  in  )h*  !• 


«  r«  ii   rs.     The  high  voUage 


Iiuwtir  Huppiy  tor  lUlu  unit       mmm^'d  to  tlie  Icicle  of  the  cleaner 
ba»epl^t>»    The  ;itiitic  i.-untroI  uyutm  Is  energized  when  the  POWER 
01^  ANTISTATIC  swUctHss  J^twA 

The  8t^li«'  t*l  laltuHor-i'ontrol  j^y^tt^m  iiaea  moderately  high 
vuUatjcfH  but  drawn  relatively  luwr  current*    As  InsCdllad,  ami  if 
praperiy  maintained  no  »hock  l^izard  exists  to  the  operator  from 
any  exposed  pun  ion  (bar»  cable^  etr.)  of  the  system, 

CONTROL  PANi'i..     Ilk*  .cutiol  paiwl  hhowix  in  Figure  2^9  Is 
uii':ited  ^  li  Uu  .rl^MU  jioiu  ui  the  cabim^t  In  full  view  and  ca»y 
r««4«  h  ul    lIh*  i>|»tMatui  .      Vlw  [httwl   haa  the  following  control^: 

t  al  i'URipuneiM  H  (hittuvr,  iM>  rhiori'54mu    li^;hf  .^  vi  thin  Vablnet-opera- 
Lltni  Intel  lor  ,  tt^rqufl!  noturn^  iic  .  )        '  iif*  .*al;Lnt»t. 

Muttir  i^«wt-^  SwU':<.     iVhUii\s  !  ht-  iU)WER  .  trruU  bf.Mkt^r.  this 
fciwiti  h    mizbt   bf  ON  li-  t-iuT^i/c  thi-  lorqu**  motors  t  or   the  t  akeup  and 
iiuppiy-K|i  Ind      assi'iiibl  iefi,     Thl  h  Hwlii  h  has  a^uard  that  helpH  pre- 
vent ac.  IdcMital  uperat  Ion. 

MuldtvicI'   it  iifiii  !)  i  v^airol.     This  i-aj  fbrati'd  dial   (0  to  100)  is 
i'trupiej  wlih  *i  variatiJi*  auioi !  .in.st  lU  nuT  timt  contri>l£#  voltage  to  the 
m*nr!y  tf^rque  motor.     lU-pumlla^;  on  roll  width  and  d Inline ter,  this  dial 

ftt  to  ^Btabllsh  a  .sat  lyf  actory  "lk)ldback''  tension  on  the  film 
during  the  cleaning  operation- 

Running  Tinnion  Control.     Thin  calibrated  dial   (0  to  100 
Mcctlngti)  Ih  coupled  with  tU'  variable  auto  transformer  that  controls 
voltage  to  the  takeup  i  >rqur  motor.     Slnci-  operating  spiked  depends 
4MI  certain  vnriabitH  (width,  liiameter  ol   film  rolls,  tackiness  of 
itw  two  ruIlorH,  itr»),  there  is  no  slii^le^lal  netting*     The  dial 
.should  bt*  Ht't  HO  tl«*t  1 1  Im  travelu  fr«>m  t\w  supply  spindle  to  the 
ttiktmp  »pl nd!e  at  a  moderate,  »*ven  rate* 

J'ht'  kl'NNir^k;   IhNSicfN  ^-ipfurol   uCiM/.r,  <i   Ifinfi   rt-lny  and  mirro- 
j.wit.U  in  pit'VLMU   film  sn.jp  or  Trar  iluiing  nvuhinc  startup.  The 
limit   rt'lay  nuisi   Ur  em'ig!2:iu  tu  at  t  tvatt-  both  the  takeup  and 
supply  torque-motor  circuits.     Thi.s  relay  La  cimtrolled  by  a 
mlcroswltch  which  Ih  mcN  hanli..nv  c^mntf^  ted  to  the  RUNTI INK -TENS ION 
dial.     It   thi-  ilia  I   ^^  at  any  .-.i- it  inn  otfiet  than  zera  when  the  MOTOR- 
i'OWKH  ttwitcti  tti  turnod  ON,  tht-  niicroiiwl  tch  will  not  iritTgi^o  the 
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relay.    Ihus,  the  uperator  must  first  turn  ON  the  MOTOR-lVVfQl  switch 
and  then  rotate  the  dLil  from  z^'tj'  desired  Betting  tu  energire 

the  relay  and  activate  both  torque  motors. 

Antlstttir  Switch,     Iii.uUlitfon  to  the  i'OWIQt-e  Ircu  it  breaker, 
tUi*s  tuggji'  i;wlii.' h  must  be  I'N  to  inrrKi^e  the  statlr  ul  e<' tr  l<- lty~eun- 
trv*l  ?>yrtein. 

hi'»Wi':    ;-wi!i.h,     H'-k1v-  1  iTiuit    i^r^^viKf-r ,   this  switrh 

must   he  UN  t«'  i*ner^;i/.e  hiiVwrer    iii  ihi^  !?oit*»m        t\w  i  iblnet  . 

BLOWKR  AND  AlK  KILTKK.     A  bUwer  rate^l  at    m)  CFM  and  a  filter 
inst  .il  I  at         **ro  iKHis^'d    in  t  lu    l)ottoin  of   the  <  Mhinet   ti*  furnish  a 
•  MiJW  o{    lilttT'-d  air    thttM>;:    t  hi'  i  U'.ininK  '  hamlier    im  foUows:  Air 
i,s  dr*iVii  thrtni^'h  iho  '  litter    p»s1  a  1  1  at  i  imi  .nid   travels  up  the  ^ahfn^'t's 
b.u'k  ^ec:tiO;^*     Tlu'U,  f:ii^*U   if    it   ;ni'Vi»s  ;Kr«ts^:  t  ho  priforittxl  plate  .it 
the  tup  ot    the  i  afntiet   atui  oxists  tlir<ni^',h    in  adjustahU'  haffle  He^ult^l 
tu  the  fr4>nL  of   ih<.   j'i-rt  ^-r  al»  d  pl.itf,     lb.  is  f  onuM  an  i  fr  sh<iwor  ai'rc»HS 
the  *»peniiH':   in  tii*    j  fi.nU   «»1    tiu-  f-iMiu't    f«»  prrv^nt   'iirt   1  t  tun  oiiterliu' 
the  cleaning  ;lMiiMa*r.      Tmi'  a»i  jxist  a!>l  o  baiile  ht-i-n  sot   <ot  optimum 

ttrtulis  but    il  t  ait  in*  r'o.iJ  jusicu   it'  ro^;uiate  th<   air    Mlmwor  .  Ihv 

t  Ic  is  ;iiLacht!d  to  the  pl,*L^  i'v  throo  row>  whh  h  t  an  he  loosofiod 
*  h.ii!^-.f  :  he  b.ittlo  soft'u^'.  !   .f    !  !m  ''MTi'i^   the  .ilr  si^fwer 

t  ;  iii.iwu  f.hrou^'ji  tiie  p«'rinia;<<^        tt^    -it    f  m^h-:  -^f   Mio  <  loanhn; 

r^.nne    -J      1.'       ir     i!   ■     'low:    t  !j:  ^  n\i'   .  1h    per  t  '  r  i  t  .-'i   )^l.'*te  at 
:       t>i    t!.i'  k.!^>inot  i",  j'iato  .ifui  '»^it   tfu-  -  •!  : 

j^'  r !  i  !      :  -  •     '  -    w  I  *■  '    '    r  -Ji  •  '     f  ^-     ;m  J  ,  .  '  {  :         •  I  .M  r   j»H'  -    ' .    I  . 

.    :  ■  ,  i  •        .  •  •         .    ;     .     ■   '  I  ,!  -     '  . 

• «  f  .  •         '      ,  .      »  •!      -    J        i «  '  '  {  i      !     ■  '  i# '     *  I  t     "^.^  u  IV  *  ;     ...     ;  ♦ 
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i  •  Kt-^ii  lar  i^i'kiii^;  Stud 
2,     Spr  ing-Jju  kiriK  Stud 


Ml 


1.     Unikin^  Studs  Wfi^-li  St^  urc-  Arm  In  Cleaning  PoHltlon 
Fl^uri!  :^-8.     Arm  As  tanbly  in  CltMniri)',  Position 
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O.iO  IndkatBB  that  tU^  filter  Is  approximately  60  percent  loaded 
with  dirt  and  bhuuld       changed^  .  ^  _ 

flACtllNE  RUNNlfV  SPKU^S.     Hiiwv  running  speed  i^s  dependent  on  many 
variableH  (e.g..  diapcter  and  width  of  film  roll,  thickness  of  fila 
base,  HOLDBACK  and  RUNNING  TENSION  settings,  tackiness  of  rollers, 
etc .  )•  "g^^^^i  maxlimini  and  mlnlfflum  running  speeds  cannot  stated. 
It  Is  suggested  that  a  sample  roll  of  film  be  used  to  establish 
running  speeds  fur  the  size  imd  type  of  film  to  be  cleaned. 

•  Ipc' rat  Inrt^^Pr o  i.'  i  ii ii  r  t» 

1,     IJe  ^*ur«-  aiiti  turn  all  t'hrt*t   HwltrheH  on  tho  con^ol  panel 
io  ihv  UFK  poHithtni     iJi.'.  k  Ki'NNlNi:  TKNSION  .ind  HOU)BArK  TENSION- 

t«;niri)l  dial;  hot  l»  (.luiulo  tn   at.  tSa-  zen   pcsltiurt.     Plug  iTi-^  jiower 
vord  into  a  ll*?--vac.  ^O-^v.-lf^    10*-amn,   properly  ^',rounded  otiflct. 

*  * 

A   !F  1*1  I   rini^^>^'f^rTr^'^        i"  iini  iM    iht"  :iir,ue  " 

J..     li  i  L\tn  ru  be  lii'.jjuui   1  .*i  ifiUui  on  o]\e  fdgr,  a  film 

Hiifjiiilt'  with  citlin^f  Hhouitl  be  trii'il.     it  ntiy  be  lut'cssary  to  cover 
i.'tr  i  ort  fsp4uul  1 'V'i  5       t*u  ky  rollers  with  m.iskln)^  tape  to 

pit'Vefit  ♦'emova  I  ifi    ull  oi   [Ktrt   oi    the  title. 


lie  i-ertatn  that  lacRy  rollers  are  dry;  bat 
tai'ky,  before  cUanlng  film.  Damp  rollers 
could  strip  the  touulhlon  off  the  film* 

K     l\irn  oil  t(je  P0Wt3t  circuit  breaki^r  and  ANTISTATIC  switch  to 
t-mrKl^ie  the     tat  Ic     1  ec  t  r  ic  Uy  control  systt^.     Tc  check  tiystinu 
uperatian.   place  fingers  lightly  a^lnyt  the  needle  points  on  the 
£»t"atic-eiimLnatur  l»ar.     Avery  slight  t  ic  kling  (^sensation  wi  11  be 
felt  at  the  momcui  t  l  cuuLact  if  the  i nstrument  .  4h  operating  pro- 
perly,     Luntinued  i'i>n{,*ct  will  pi  udu^  e  no  additional  feeling. 


myi. 

A:.  intitilU-d,  .iHii    ii  pro)>er  1  y  mainJ  .1  ined  , 
thetf  ii*  no.  .^h«>ck  tiazarj   to  the  operator 
from  any  expotred  portion  of  the  instrument. 
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4.  After  energizing  the  static  rlec tr Icity-control  systeeit  turn 
the  BLOWER  8w:l^ch  ON  to  establish  a  i  unstant  flow  of,  filtered  air 
through  the  cl\inlng  c  |iamber  of  Che  rnbinct. 

5.  To-  load\a  spool  of  filns  In  the  supply  spindle,  f^sh  the 
idler  head  away  krom  the  powered  head  with  one  hand  and  position 
the  spool  so  itsn  slot  mates  with  the  powered  head*s  spindle«  Then 
match  the  other  hni  of  the  spool  with  the  st^aft  on  the  Idler  head* 
Use  the  same  prj^edurt*  to  pusltli>n  an  mpty  spool  in  the  takeup  ' 
spindle* 

a*  /^eltminary  alignment  vl  the  takeup  and  supply  spindles     '  ' 
Is  required  before  film  threadup*    The *handcrahk  at  the  right  side 
of  each  spindle  assembly  is  rotated  clockwise  to  nuwe  the  spindle 
assembly  left  to  right  ai^  counterclockwise  for  right  to  Itft 
lateral  movement.  .Fur  9.5  inch  (24,1cm)  film,  use  these  handcranks 
tu  position  the  pointers  at  il   i/^  inches  (79. 8cm;' on  the  metal  rulerr^, 

^    b.    After  preliminary  allgmient  of  ,tiie  two  spindle  assanhlies, 
raise  the  tacky  roll  arm  assembly  and  use  ihv  spring -loaded  IcHzking 
stud  to  secure  it  in  the  threading  position  (see  figure  2-9) •  Slowly 
pull  leading  "eiKl  of  the  film  and  thread  It' between  thi'  two  tacky  rolls, 
over  the  static -el  Iminator  bar,  and  wrap  it    (ahotst  2  or  1  revolutions) 
around  an  empty  spool  in  the  takeup  spindle.     See  figure  2-'10,  Thread- 
In^:  Diagram. 

c.     iMrn  ON  the  MOTOR  I^UWCT  Hviti  h  and  set  the  HOLD-BACK 

TKNSION  knob  at  about  30  vi\  itB  dial.     T)wn  inuwdlatelv  rettirn  the 

•  » 

RUNNING  TENSION  kiK^b  to  '/a-tv  U  »  i-nvrKi^-y  ^  tri-  t^^r  ^mc  nfMof^)  ;in<l 
iiH  r  ease  t  h^'  knub  !(■   5 on   Its    1  i-ci  I .      Ihlr       ^  h^u  ■    *  iM  f  *4Jit\f3i 
v::*'U)t;fi  t  en-,  i  n  in  •  i  !  ni  web  t-.'  previit   !  !ie  t  Hn  t  rom  MiiwiTulifiK 

w!re:i  fh»\t.i  rv  f'i;     ,?  :  '  i  *»t  f*Mir  .ieviiu'ii^f 


•A. 


9 

r.;  Lhf  I  .i''        *   '  .  . .       •  ^  .      i.    '1  '  '  i   \.       •  . r     ;  j  *.  '  ,   r  e^  luv  k  S  t  s 

r r  - < '  i  j  1 1 . '  t    t    *  :      , '  . »     >  ,  ■  *    ? .  -  "  ^      'f  ^  !  - kf  1  e  ; r  s - 

lakeup   ?.piJ^I!<'  .is-r',;.'  !  y ,      lUa  i.A-iul   k'nit'T'-     m  tU    f  ,ikeut»  au^   »-nt?pl  V 
spindles  fa'ilitate  precise  alignment  ei   t^it    ^^^>  waits* 


P 


■  r^T  -  .     ^  .--m^m-^i^imiimm^MW  tsamt W  faff nrf^-^^^^Ei^.  .~..jz:-:::;:-:_ 
th«  filia  In  relation  to  the  tat:ky  rollers. 

7,    With  tlw  POWER  circuit  breaker  and  the  MOim  POWBI  0%rltch  ON, 
t  lrtfC  «i-t  tte  RUNNim  TENSION  coi^rol  and  then  the  H01J)-BACK  TEMSION 
^    acVording  to  one  uf  thi*  tableti  below. 

be  Hute  to  H.'i  thi  tilNNmi  TENSION  firsts.   If  the  HbtD-BACK  •    ,  ' 

TENSION  ib  iiUjufttcil  firtit,  t!ie  film  threaded  through^  the  machine 
i'uuld  bfcf  drawti        k  to  the*  supply  &i^pindle  and  the  machine  would 
tiave  to  be  rethreadcd.    Xl»o,  be  sure  to  turn  ON  tte  POWER  and 
MOTOR  PUWER  fciWitiheH  bt  fore  Hctilng  thts  RUNNING  TENSION  dial. 
If  this  dial  id  adjuBted  first  and  then  the  switches  are. turned 
ON,  the  Bupply  and  taluup  torque  mutorsi  will  not  energize. 

TJie  tabien  tu  low  tonrain  recomiai-ndcd  settinga  for  the  widest, 
the  medium,  and  tl*e  u.u  ruweht  width  fiifoand  for  three  roll  diameters. 
Settlnga  fur  widths  not  llnted  and  for  other  roll  diajneters  can  be 
rvalue  ted  f  r4>ni  till?*  data.  >  ^  • 

V 

TABLE  2-1. 


If.i'.lJ  'Wittin,',d*  r.jr  Thin  l^mt  Films 


 p 

RUliNX*ia  Tr;Ki 

SION. 

>■   ■  ■  

fio  » 

1000* - 
305"  n 

4^0* 
7  ft  m 

2000' 

10uO» 
305  ^ 

500' 

152  w 

250' 
76  IT 

1  1   - — — ■ 

.70  mm 

30 

.-•0 

15 

50 

A5 

AO 

35 

b»  (12.7  cm) 

uo 

35 

30 

25 

.  75 

70 

60 

A5 

9,5''  (^4.1  on 

5i 

, 

AO 

30 

^  100' 

90 

70 

.  55 

TABLE  2-2.. 
Intl'xl  Jattlri  ts*  for  JtHi.aord  tiase  Fii:'U') 


 — 

Film  r,i2H 

305  « 

152  w 

76  m 

HUNKINt, 
305  n 

I  T.^:!iJIu^ 

fin  fl2^7'  em 5 

30 
AO 

\25 

20  1 

[Sf  - , 

70 

60 

I  ?9 

,  ,42  1 

1 

,  90 

,  70 

*  Thest:  tabulated  rettJlngs  are  initUX  settings  which  may  have  to  be 
changed       film  is  being  trmisf erred  from  supply  to  takeup. 
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THREADING  DIAGRAM 
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Figurt"  2-10. 
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6.    Afler  film  has  be^  cleaned,  aS»ply  turn  off  MOTOR  POWER  switch 

aiKt  raw^  ttw,  f iia  roll  ftm  tint  (^^up  apixdl^.   Do  ooc  sjcop  fils  dur- 

"         i— «  -- ■  ■  '  •  -  -   ■  "^^^  I'*""    "  - 

anina.CioD  auttC  be  doiM  on  a  rewltui  cable. 


TROUBLE  SHOOTING 


i  fltOUBIE 

PROBABLE  CAUSE 

REMEDY 

j  ^ 

Fllin  falls  to  muve 
iroiB  Bupply  tu 
taktsup  apliiillie. 

!  ' 

i 

Main  power  cord  not  plugged  In 

Plug  cord  m  a 
115  vac,  60  Hz, 
10  amp , 

i*i>WkH  cit-'ilt  breaker  and/i^r 
MOTOH  POWER  Hwirrh  OFF, 

> 

be  Hiire  both 
sWltchea  are  ON.. 

HUNNIKi;  TKNSIUN  .4ntiul  dial  I 
not   net       K*'  enough, 

St?^t  iiial  ftio  that 
film  moves  from 
Htipply  to  take-- 
up at  a  moderate t 
even  rate. 
Refer  t<>{  Tables 
In  Section  2.5, 
Adjusting  Ten- 
sion Controls , 

• 

RUNNfNc:  TKNSION  control  was 
Hft  befi>rt*  turning  the 
POWER  nnd  MOTOR  POWER  switches 
ON 

Turn  dial  I  ack 
to  zero  and 
then  reset- 

1  Tffi  kv  rill  lerB  turt 
1  pi  ck  i  iij^  up  dire 
I  part  i.'  . 

1 

Rollers  dirtv  ur  ^la/ed. 

/ 

Wash  rollers  with 
damp  cloth  or 
replace  with  new 
rollers  if  washing 
f al Is  Lo  restore 
tackiness  - 

i...,^ — .  — 

1 

K^crfSH  i  vt*  HI  at  f  i  ^ 
t?le>  I  rlclty  butld-up 
iu  1  leaned  and  rc-- 
wc»und  f  i  liB« 

!    ANT  {-statu:  Hwitrh  f>FF. 
Static.  t-I  Irolnat.'ir  bar  dirty 

Turn  switch  ON. 

Clean  bar  with 
soft  brush  or 
clcth. 

SW  C3ABR2J330                       x  ^ 

] 

• 

f 

^5 

TROUBLE 

PROBABU  CAUSE 

REMEDY 

ON--OFF  toggle  switch  on 
pnwer  supply  acc  Itient^i  1 1  v 
fiirnoi!  to  OFF  noMltjiMi* 

« 

f 

High  v<ilf  'i^.t'  pjiwi'i  Kiipplv 
failed. 

Rr  Hur^»  Hwltdi  Is  in 
ON  poftiitfim.    The  power 
supp  1 V  un It   1     mpunt cH 
t»'  Ihv           »»t  (he 

f  f»p  p;ini'  1  .It   tUe  brti  V 
of   ihv  c/<hinct  tnust  hi* 
r«'fn<w*H  to  i^rt   .'it  tht* 
fTi»wor  uiH  t . 

Not  f  f  V  m/i  1  tif  ♦Minnr«» 

Emulsion  being 

i 

Tackv  rollers  nrc  damp. 

Wipe  bot  tV  rol  1  erR 
tliorouKhlv  witli  *?off 
1  f  nt-f  TV**  I  loth.  AImo, 
!m'  sur<*  niach  f  no  1b 
i  n*^  1;,  1  1  I'd    i  tt  :irvi\ 
whorr  HU   Is   ^t^)  4  "jt. 

:    v  *  .  •  * ' ' 

!  loiii-'i  .  : 
Sibil itv 


• .  -    . .  :       ■  •     ■  »  '  ■•       it'"'     ,     '  i  !»•  V    '  ■  o  »     (  n 

J  .  ,       •       .  .  •  •       •*    .   .  ■  ■  t  .  •    •  ( '  1       !  :   •  iJr 

.  '  *     .  :  -  -  r ' t     ■  • '        " '  •     '     *       '  ■  *  '     ■•  *   ■  ■   O'  •     '  *t    ; *j «  ^  i 


'ku  TtTiOv..  cillu-r  laoky  n^IIor  ^.rovA   i*'-  supp'^rc  si».ifiK,  simply 
push  thu  roller  to  the-  lell^   to  rotnpt*'*^'^  rU4-  f;pr  Ihk'^ '^^'^i-il  nUnft 
in  its  housing  and  to  free  tho  ond  of  i\w  roKIor  f  r<^m  Ihi'  right-- 
-'•.•ipj>'>rL  f-rKi!t.     Onr<'   ciiis  end   i     it^'o,    ii-(rM»v«-  f!f4-  »>flM'!   oihl   f  r  i  »ni 
ibf  npr  inK-'i<?-*<ii'rf  s!t.ift.   .Slmplv  rovorw  ?       .tf^oyi'  prf^roditm  tf> 
ijist  I  •  I   ii  new  ro  1  1 . 


CAUTION 


lk»  not  lay  tiicky  ruH^rb  duwi  tor  i*mg  becaust? 

eslumld  alwayH  hv  Htoriul  In  tlK*lr  HhippinR  c^ne  but 
may  Ih*  piai'i^i  m  fh«*  riiili-r  lu»Iii*»rH  in  the  cabinc't 

ability       di'rtlrfd.  ^ 


UlHRlCIATiUN.     Tlti<  bi-arlilKS   in  llx' 


Hupply  aiul  takeup  spiiKllc'^vind 

ion.  I 


STATIC  CUMKUl.  SYSTl'^l  CAKV..     To  obtain  c»pt  tmumt  and   Um^  ii/^  fr 
till-  Mtallt    fltMli'li  ifv  »oiiiroi  sVHCrni 
fi.ir  an*!  pc^wi-r  Hu|rply>  mu-^i   tu-  ^fviu  p 


4>m 


i  ts  t'unnwni^nts  (statlc-ft^l  Iminati^r 


*ropt?i  care. 


0f  Scat  ii^K!  InHnatiM    h  r^ .  i' 
liirruan^i't    AiJL'umu la t ion  iU  du^a  auii  d 
will  rt*dui't'  perliimianc't'  at  tin  M.iti* 
iMwit'  *i  Wi*ek  utit'  .1  I  K'.tii,   ,Si>J  I  i  li  lit  if 
dut*C  t  i  i>m  ihi'  har.     Ilu'  si  at     -*M  unhi 
biir  afi  ittiMitit  I  I y  rih<Milii  bi'iMmu-  «i  iiupt 
b«  ing  iipt'fMt I'd  P     Tbt'  ^»ar   .  an  :u'  tlrji'd 
nut  ^'Vi't^JjO^^K  Ji    till-  Itar 

t('t4ifftf  it   fra  tiu'  liiiiMiif  ai  t  tii'iM   I  o{  11-]' 


11 1  I  nrsN   i  s  fsstMi  til!    to  gi^ul  per- 
21 1  in\  or  near  tlu-  bar  ntfi^dlc  points 
-.limiiator  bar.     Thus,  at  least 
I   hi  .,'4'  to  reDuvc  anv  accumulat«»d 
itnr    tUr  must  h<*  kt-'pt  dry.     If  tin- 
i  *   itiii'.j  b*   ilr t  «-d  t  lii>roughly  bor^irc 

If   r  i  I'V a  I  i  d  c  «siip4'raturos,  but 
is  s^iikid  .1*1  tdiMUally  with  waior. 


J 


Piiwor  lutii  h  s .     lit*    |).)WtM  unii  and  b.ir-icodor  ^abU's 

nottuiii*'  rtquiia-  vi-i  v   Inth-   .iivu.,     MtfWiVir,   Mh'  ha  r^-f  </cdi*r  <abU*s 
^!^.  ti^M        in^pi'i  tid  *ti i  usiiuia I  ! V  tiir  .ri^nf.  «»i  .ilirasion  or  i»t!u'r  danvi^:^'. 
iS.itall  i^raikt*  appLMiiai^   la  1  lu-  aut^i    t  msu  t  1 1  I  < 'O  Will  <  insi*  no  liarm;  * 
Aiiy  luttleH  wiili  brf.ikii  til   .lit-,  fxioiuiin^;  [  lu  ouy^h  the  outiT  Insulation 
and  lilt  a  ur  tbrcmgb  ihr  IntfrUa  nut  a  I   br.ild  MbtMlh  should  bo  returned 
t  *i  thf  tat  ti^ry  tor  ropair^.. 

J  TIh-  Htalic-  iinuiol  pnWi'T  nn  i  t  ^  iiionnU'd  io  thi*  b.u  k  of  the  cleaner's 
vW"tlial  baHi*plati'  ri'qniris   Htlh   aU'nfi«»n  other  than  to  see  tlut  the 
lii^h-Vii]  tage  SiK'ki't  M  are  kepi  ilisni  and  div,   and  il  iised  /Wit  h  a  blank 
plug  wfien  not    in  ur«e. 

I  I  ky  Kol  I.  r  Fi  !io  c:U-anrr 

UKSCRiPTUiN.  Tife-  T*!.  Kv  K.»IU  r  I  i  Im  i^U  anei  (tiguro  -(!-U)  is  a 
t<*nip<irt  film  i-leanin^  iKvi.  i-  tlivJ^'iu  \  t  i»  romov«'  ihis  1  and  lint  from 
/^ftuin  thri>ugh  in«  U  »  ui )   iiim.      In  .tildit  ion  to  clt-anin^;  the 

^    ttlm,   tile  maihiiii'  alr»o  removt'i*  tUaiit    iiu4i>;«^'.s,   thus  retarding  further 
litlleetiun  ot   dnst   ami  liirt. 

Thi-  cleaner  aijctpts  /Oiuiu  tliiou).;h  inclT'^4.i  cm)  iil»  in  lenj^ths 

(o  1000  feet  m).     The  sp^Hii  maniiit  ls,  whicli  are  Itmded  from  each 


Figure  2-M  ^     Tac  ky  Hoi  I   {  1  Im  C  leaner 


*en<!,  will  aiciriranod.it*'  either  sfuulard  MIIM.irv  i  M     I  ion  or 

li«iHt4>n  FiMrlt';.s  "H''  ^.p-ols,     IW-  t.ickv  fo!hMs  .  h-.Mi  fin'  film;  ^ 
one  cuntartti  Oie  !mm'  ^iv!»'  .iini   ?  St       in  r  .  ofjt -u  t     tlu    <*mulHlon  Hide* 
Botti  rollers  atv  en.  Mn^^a   in   *  "rKxirl  iN**  'iMiislii^'.  U    k^*t»p  iln«t  from 

a  '^>or   I(^^.iff'i   t^n   ^        ''-Mf  .M  p.i  ,     nu!   ;fu'»'  nav  tn*   rr - 

mined  ior  cii-u;iP4         atpn-.  it^'    •       r  hu- 1      l.ii  'MMdM  I  whlih  rolrasfH 


an^f,   I  ^i*'  -       '-transport   snt'ed  Ih  var  l- 


ablii  to  .i..       :»ptLv.^::   ^cl'ta/.  t    r   pa-Hi  niar   ..MHlilU.nM,    'A  f4on9fnF,  arm 
ri-'o^  i'U  f'-    t  ikc-v  ^r^^'  i        liiaintHt,  ^s-''  -  withH;  >  !  ;  pcri'c-nt  of  «i»t 
spt-ed.     To  \  itVi.^iV    stalii    baiiaui>  iUi  1       takcup  spo.^.  ^  a  f^latlc  ^^tm- 
InalQV  JL.S  n-^unted  ai  tlu*  film  exU         tU-  roiltr  <•  ^  I.v^urr.     IIiIh  hf^h 
-  voltage  potential  static  eliminator  Is  capacltanre  cohpled  to  the  volt-- 

age  source  to  prevent  a  t^hock  hazard  lo  operating  pcHumiu*!-  A  *'Pl^'xt- 
glas"  \iouslng  i»  provided  to  cover  tho  unit. 

SPECIFICATIONS.    The  npeclf iorttl(Miri  for  the  Tarkt  Roller  Film 
Cleaner  are  as  follovs: 

tr 
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K    FILM  UAPACllIf:     7(km,  0  inch  (12.7  cm)  or  9.5  Inch  (24.1  cm) 
tilR  In  roll©  10  loot)  i>ct  (305  ®)  In  length. 

2.    TRANSPOHT  13S  fetit  per  »tnute  (41. 1  ©pm)  ♦  15  percent. 

1.    ELECTRirAt  KEqUlKBtENTS:     115  voltt  6C  cyclQ^  nc,  single  phase* 
500  watrs. 

4.    APPRUXIMATL  UINENSIONS  ANU  WEIGHT:     Unglli,  36  inclirtt  (19.4  en); 
wliiih,  20  InihtL-M  (51  cm);  lk*lghtt   15  lnchi»»  (38.1  cm)  and  weight*  120 
puunds  (54.4  kg) . 

mEPARATlON  FOk  OPERATION,  uperatlng  the  Tacky  Roller  Film 

Cleaner,  ptTlunit  the-  toJIuwing  HtepB: 

^>et:up^     Place  the  Tackv  Roller  unit  on  a  reasonable  level  table 
and  plUg  Che  tfltvtrical  curd  into  a  J-poUs  grounded*   llS-'Voltp  ac 
e»lngle  phat^e*  bO-'cycU-  ciutlet.     T\w  circuit  tu  which  the  unit  is 
ciiniifi  ted  ;ihoiiId  be  c  »pahlf  oi   h«UT(iliiig  a  *>00-wati  l*Kid. 

Threading.     By  li»oj»t,»ning  the  knub  at  the  base  of  the  bracket,  and 
r^l  tding  the  bracket   In  ur  out  us  required,  adjust  the  filin  spool  brackets 
to  aci-ept  the  film  slz:e  being  cleaned.     Tighten  the'  knub  flnnly  wten  the 
correct  tipacing  has  been  attained. 

Ni)TK:  WiR-n  ubing  the  Houston  Fear  lens  "b"  typ*.- 
film  spi»ui,  it  is  netessary  to  slide  the  entire 
spool  bracket  out  for  Insertlcm  or  removal. 

FIj.t/  the  roll  i>t  film  tu  be  defined  on  tlu-  left  loading  bracket 
bv  pulilng  the  knob  ti!  the  movable  brarke*.  '«nd  insel:tic^;  the  spool 
uato  the  pins.    Then  4»pen  the  "Plexiglas"  door  on  the  front  of  the 
machine  located  on  the  control  panel.     UhIi^  the  left  hiind*  pull  the 
film  from  the  supply  spool,  pass  it  under  the  first  tacky  roller  in 
the  "Plexiglas'*  cabinet,  over  the  second  tacky  roller,  and  onto  the 
takeup  spool  (figure-  7). 

CAUTION 

surt*  that  the  film  Is  cornvtly  limjd  up  from 
Hpuol  i^j  sj)4>ul.     The  "tooth"  of  the  tacky  roller 
prevents  tlkf  shifting  of  the  film  during  operation 
^      which  would  normally  correct  improper  tracking. 

PUcii  tlic  senslng-arm  roller,  located  at  the  rear  of  the  machine 
in\  the  takeup  end,  against  the  film.    Thi-  sensing  arm  controls  the 
motor  speed  to  insure  constant  driving  speed. 
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OPERATION.    To  optrato  the  Tackv  Roll.  r  Mlm  ClPaner,  accoaplish 
I  lie  foUifWiiv.  HtepH: 

1.  tlira  th«j  transpcirt  npend  km»b  ct»unt i-rclnckwiRe  to  zero  and 

2.  Turn  the  static -o I  imiki tor  Bvltrh  to  the  ON  poHltlon  by  presping 
the  uppt-r  purtliin  of  the  switiMi.     Thin  switc  h  1h  inti-r I  (K:k€>d  with  the 

t  ilm-transport  switch  and  ul  U>ws  thr  static  ul  Jjnlnator  to  couwence  ^»per^ 
atln^  when  the  transport  j^yjJi«»ni  is  i^nur^; I Thv  cUsttiing  urtit  can  be 
*»|H»rated  witlKMjt  tlie  «tatli    cUmfnator^  but   this  Is  not  reco^mded  due 
to  the  Intense  static:  v  har^U'  genoratiMl  by  the  two  tarky  rollers. 

J.     l-n^T^lse  the  transport  svHti^m  by  pressing  the  upper  portion  of 
the  lllm  transport  swUrJi, 

4.     Turn  the  transport  »|H»ed    ontrol  k?K)b  c  loi  kwise  to  obtain  the 
desired  operating  speed.     Maximum  cleaning,  i  <  obtanuil  with  the  Blower 
i?perating  speeds. 

5*    As  a  safety  precaution,  turn  tfie  trnnnport  ?*peed  controil  knob 
tu  zero  before  deeiier^  I  z  ing  tlie  tr.insport  ifrlve* 

(>,     Ttie  i  leaning:  unit   shuuld  be  »  overed  when  not   ijt  uR#  to  reduce 
out  side  t  on t  am i  fwi  f  ion. 

M/\  i  M  i  i  NA>k,  i. .      III.'  preventive   ma1nfenin*i    outlined   In  thin  Hei!  •  » 
:  ;  Ik-  b.'  i»tri*M"ried  n-.   f -k     t;!'  <!  All   nwi  b'l   **vt'rhaiil  must  be  don<' 

bv  Hi  I  i  ill  til, UK  i'  p«.*rN»inh«  I. 

i  utM  i .  .tt  i.Mi  •     All   i'i.iiii)^»s    i!,   tnis  •jiit    h;ive  heen  factory  Jubr.— 
•  ;te»i  an<i  -i  r'^iif*    ^u-   j.:' .    j-  -..i  I   t  ubr  i  -  ,i  t  loo  {or   appi  ox  imate  I  v  V^' 

'r'^^'i      Jii  .  .  t   .  i  vr.iij.         A  yK^'.  /,!    ;.     o   >*r.,ph5ie  Krea;^'  Is  normaliy  " 

'    .  '  .    -   .      I    Ik,.;  .»M    iurb  a^5  *iAr-*in/^(K 

<  .      I        "M    '    .!"'■:  :  ^r      !e-ie'  vfth  nouNtafi- 


Use  exlt'eme  ^  aro  when  bandl  isiK  lite  ta*  ky  reiieiR* 
*?}ie  material    is  extst*in<»iv  Koft   and  ran  b#  eiiBily 
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ilamu^csd*     ILitidh*  lUr  rot  ii*rM  cH^ly  by  Iht*  imlcr 

_    __  «tdi^fi»  iu  «yii_i4  4_^m4tt«^_i^y^_X^  Stpris  th^    ^ 

 rotters  "in  ai  ver t^f ra t  ipbsltirti    "ffrtf c»r1*rai  tontftt^^^^   ~ — 

rthciuld  tttt*  rulleTB  t^i*r  he  nCored  hiirl2;ontally9  or 
in  contact  with  any  surlace. 

To  r4bvt*  f  Ik  •'ullurH.  open  tlit*  "Hlexiglasi'*  Uuoft  grasp  a  roller 
firmly  by  i: lie  end «  pull  t\ui  roller  reialning  kaob«  and  life  out  the 
Till  l<n%    Clei*n  tU'  rollers*  by  wanhiitK  them  In  luki*warm  water.  If 
available-*  utic  Jlf.iillc^t  water*    th>  not  uHc  j  8oap--basc  cleaner* 
Uiy  the  rollers  wlitt  a  nrre<jm  ot  conipri-iitied  air,     NEVKK  use  cloth 
or  Himllar  uMteriaLs  t.>r  drying  r.>llers. 

Ueiiiitv.il  1*1    iIm'  '*rU  a  I^I  as"  «  ab  1  iu^- 1  .     To  i  em4?%v   tlu   •.ibi.-l,  Sirst 
dLscumiecL  the     ta  t  u  --e  1  itnlna  tur  table  ar  the  hi  it  u:  h«ir,  t:.«»a  remove 

ihtJ  rtiuiid  ht*aU       rew.s  wlu»  h  <\istt'n  ihe  "IM  ex i^U ^      t^^^  ait-Lal 
hi»ufiin^. 

Next,   reiUiiv'e  tia    *'i*iex  lKia^>**  iiiHi.sta^',  hy  slowly   Jiitlu>*   it   i  rom  thf 
iiiaiu  I  rame  r     Ttie  ol    the  t  Ka:un^'.  .  at)lntft   shi^tilii  rt-maia  atl;u:ijed 

lit  the  hoiiHin^;. 

irat  kln^.     Iriikin^'^  »  an  (u-  ^orrciti'ii  by  luustst  i  nj.;  tiie  four  bejriu^! 
bl«f«  k  retiijn«*r  screws   ii   the  «  nd  id   ea*  h  tackv  r<jn«;r»  and  making  ad- 
fustiHentN    in  f^in^ili    i  a*  r  4'.i#«  iit  s . 

AJjuHiiiuMU.     A  Huuiual  cluti  li   is   liuwtcil  undt*r   the  metal  !unsBing  on 
1.4.   :.appl  y*«po4ii  uiilr  o!    the  machine.     The  clulcU  In  adjusted  at  the 
lat  iory  and  should  recpiiie   lilfle  or  luf  ainiibtment .     However^  when 
a*-' *-Hrtary,  clutih  adJufitnuMit  Hn  aci'ompj  Isbcil  by  turning  the  knurled 
kniib  clockwise  to  increat^c  ten.fiini  and  c ount erci o^'kwise  to  reduce 
tenbii>n, 

rutit'fi*     A  I -amp  aiui   2'-.»ip  "Slo-*Mo"  I  ui^e  are  located  under  the  flot^r 
ot  .ttie  clean        ctimpfir  tiuent .     l«>  repla*  i*  t  liese  fuHeH»   rtaaove  the  tacky 
ri>I  ierb,   renuivt'  liu*  rtiunJ  tta.*ad  *a  rew:.  IuiMiuk'.  the  rompartment  floor,  and 
then  t  it  t  out  ihe  ilotir. 

IKl  NOT  WKllK  IN  nilH  hW  -  liSl.  A  hhPAKA'lK  SHHLi  UF  I'Al'liC. 

I,     U\u\i   i.^  ttt4    ptirpo.sc  >»f  prim^iry  silm  brt^akiSovnV 

Why  le.tder  and    tr.iili-r   »i.iteri.il    .spllred   mi  eai  ;i   roll  ait^*r 

primary  tu'eakdiiwn / 
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How  does  an  appropriate  ^iitln^  table  athance  fllw  edltliiR? 

Following  is  a  list  of  sequenct-s  that  siftht  be  found  on  a  roll 
of  aerial  original  negatives      Indicate  vrhlch  »equenre»  might 


he 

conslderttd  unwanttil  f  ontiijtr . 

a. 

Completely  fogged  f  ilin. 

b. 

A  sequence  of  closeup  ^ilghf  llu* 

exposures. 

Cm 

A  sequence  of  cloud  cover. 

A  sequeni'o.  cpntaining  a  raUhtsid* 

• 

A  seqiK'nr c' Of   dense  f ol lage < 

/ 

f  . 

Sewral  f  rames  uf  a  missile  sltt% 

*• 

A  sequence  of  cluseup  flight  line 

exposures . 

Why  are  ground  and  air  clearing  frann-s  deleted  from  the  roll 
during  roll  film  breakdown? 

Should  all  air  clearance  footage  be  riMnoved  fr«wn  the  aerial 
lllm  roll  regardless  oi    the  type  of  mission? 

Should  ail  ground  clearance  imuagr  be  removed  from  the  aeri 
film  roll  regardless  of  the  type  of  mission? 

.• 

0;KraLliiM  direitives  require  t  lui  t  a  rontlmiouH,  unspllced 
roll  of  UN  iontalntng  three  target «  Ik*  forwarded  to  higher 
fieadquarters.     Ketwicii  t  itfc'.tts  ivn>  and  three,  there  nre 
appruximat cl      lOU  t  ramies        Air  *  1  i-.ir aru  <• .     Fur  1  hernit>re^ 
a  pro(*L'S^:or  i-i.ilf  in'  t         ff:;u!ii-4l   in  a  llirt»'   In.  I»  (7.U  im) 
tear   in  this  a  :  r     1  ea:  a;:rr  area.     !f«^w  sli*Mild  I  til:  situation 
:>o   lutiil  IrJ  ? 

A'i.n   rii^c'J    is  n';t'<^   t     att  »ih   If.Mlrr  sfrip^i   t'-  nw»t  f 

Wlk'it  n;erru»d   is  used   to  alCaUi  i  r  iskfclK  ii*   leriai  r  Pionnii  *  ssance 

ma  ti't  i  a  1  ';' 

What  are  the  purposes  f^r  ^itt-^rhliig  frlsktt  or  leader  rajitcrlals 
tu  toll  film? 

What  size  filirt  can  be  titled  on  the  Dual  Head  Titter? 

sw  (;3ABR2irja  ooi-iii-i 


13*    J&lpA***^        ••priftiA«»**  i*yi*L^  oo  the  IHwil  Head  Tltler. 

14*    Htow  are  the  counter  and  type  Iw^a  heat^  mi  t>»  I)u3^ 
Head  Tltler? 

15 •    tthat  cm  happen  If  the  type  heads  are  too  hot? 

16,    How  fa»t  can  fUjn  he  titled  on  the  Oelavare  tltler? 

17 •    Eaiplaln  what  would  cause  ^boaslng  of  the  fll»  during 
titling. 

18.     How  much  prcHBure  In  required  co  operate  the  Dual  Head 
aiKl  Delaware  ttilti?rt*? 

iM,     Why  mut*t  the  jir  Inter  iu?iid»  inx  tllD  Dual  U«acl  Titler  be 
in  the  raltied  luitsitiija  for  shutdown?. 

20,     How  lung  doeti  It  taki-  fur  uw  printer  heads  and  the 
lead  type  to  reach  printing  temperature? 

On  wtuit  .side  ol  ilie  film  Is  the  titling  placed,  using 
convent imial  aerial  photography? 

22 •     Can  the  tri.sU'ts  be  hind  titled? 

:?3.     What  is  the  maKiiaum  mimber  of  lines  tliat  can  be  titled 
on  aerial  11  In? 

24.  What  is  the  purpose  uf  the  Taconle  Tacky  Roll  Cleaner  ana 
the  Tacky  Roller  Cleaner? 

25.  Wliat  size  film  can  be  cleaned  on  the  Tacky  Roller  flLn 
L  leaner  and  the  Ta*  onic  Tacky  Roll  Cleaner? 

26.  Explain  the  method  used  to  clean  the  tacky  rollers* 

27.  Why  Ih  Ic  uiwieslrabK  to  lay  a  tacky  roller  down  for 
long  periods  of  time? 


PRACTICAL  KXtltClSliS 


PROCEPURKS 


'   fcXKKCISK  I 
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1.    An  RF<-4C  assigned  to  the  69th  TRS  took  of  f  at  0830Z  on 
25  October  1977.    The  aircraft  was  equlpp^  with  K-38 
cameras  In  a  ^llt  fan  configuration  24  inch 

(6L0  in)  focal  length*  serial  number  762.     It  vas  the 
fifth  mission  flown  nt  15,000  feet  (4,572  m)..    It  was 
a  clear  day  over  the  target.    The  target  was  located 
at  19''  05'  south  and  155*  10*  west  of  Hawaii.     It  was 
an  unclassified  project  with  the  ccxie  rtfWie  ''Pineapple." 

2t     List  it  as  it  would  appear  tltl<»d  on  aerial  reconnaissam^e 
film.    Use  a  separate  slieet  of  p,iper. 

3.     List  It  as  It  would  appear  annotated  on  \wnd  and  tall 
frlskets.     Use  a  separate  sheet  of  paper. 


EXERCISE  II 


E(iUlPMENT  AND  SUPPLIES 


Basis  of  Issue 


Frlsket  Material 
Splicing  Tape 
Editing  Table 
Avrlal  Roll  Film 


Ah  needed 
As  needed 
2/class 
As  needed 


PROCEDURES 


1.  Annotate  frlnkets  with  the  propter  tat  orn-it  ion  about  the 
mlHsioTi  {  tim  ExiTrfsi*  I  , 

2.  Rianove  unwaateii  footnvu*  from  film* 
J.     i\t.t.n'ti  head  triskcl. 


4,     Post  lns'^'ct  f  I  In  fc^r  di^fei-t 


•t  s. 


f>.     KM   otti   t  lu    inspifcC  inn  ri*port 
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KXIKCIHIC  III 


EQUIIMENT  AND  SUPPLIES 


Dual  Head  Tl  tier 
Aerial  Roll  Film 
Lead  Type 

PROCQWKES 


Basis  of  Issue 

l/claSH 
As  needed 
As  needed 


1.     Set  up  1*^1  It-r  tor  o|uratlon  in  accordance  with  prcxu*dures 
outlined  in  SW. 

i 

2*  Set  up  typt*  In  accoraunce  with  the  instructor's  dire^: tiults . 
K    Title  tlw  llliiu    U:»o  Ht-rap  i  ll:n  fur  practice. 


lJ(Wc:iSi:  IV 


EQUimKNT  Ar«J  SIIPFLIES 


Hi'l  tware  Portable  Tltler 
/Wrlai  Film 
Lifad  Type 

PRaCQ)URES 


baslH  of  iBsue 

I /class 
Ah  needed 
As  nc^ed 


1.  Set  up  titler  for  oper.itiun  LAW  procedures  outlined  in 
thlH  SW* 

2.  Set  up  ty|H*  lAW  tlie  Itt.struci  or' s  directionn, 

3.  Title  the  t  iim. 


hDCEKClSK  V 


tUyJIPMENT  AND  SUPPLIiCS 


T*iCi«tlL  Taiky  Roll  Cleaner 
Aerial  Roll  Film 


1/e laBS 
I /student 


SW  GTABU2Ji30  (X)l'-IIJ-2 
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PROCEDURES 

I*    Prefiare  the  Cilii  c leaner  for  operation  as  outlined  in 

this  SW*    Accomplish  meclmnicitl  inspection  (certification). 

2.  Thread  the  film  cU*iim*r  .mkI  rl«*/in  film  using  this  SW  as 
a  reference.    Prartlrr  on  Mi  r/ip  film  before  attempting 
the  objective* 

3.  Shut  down  thn  film  cleamT  nnd  perforw  clcMHup  usir^  this 
SW  fur  proper  procedure. 


IvXQlCISE  VI 


EQUIPMENT  AM)  SUPPLIES 

RafilB  of  Issue 

Tacky  Roller  Film  Clcnner  l/c  lass 

Aerial  Roll  Film  I /student 

PROCEDURES 

1.    Prepare  the  film  clemM?r  i  or  i>pi'rat*«ni  an  o^it  lined  in  thin 
SW.    Accurepllfth  nicclwinlr.ll   Iiihihm  tiim. 

Thread  the  film  cleaner  ami  clean  film  using  this  SW  as  a 
reference.     Practice  on  Hrctp  film  before  aCtemptlng  the 
4>b  jee  t  Ive. 

3.     Shut  dowii  tlie  film  cleawr  nnd  perform  cleanup  using  this 
"SW  tor  proper  proceclure«. 


SW  C3AHR21130  001-111-2 


STUDY  GUIDES  AMD 


«34BR23330  OOl-XV 


Technical  Training 


C(    f  invtouij  Hhotoproces8lng  Specialist 


AERIAL  FILM  DUPLICATION 


October  1977 


j'OOTH  TECHNICAL  TRAINING  WING 
J 4 30th  Technical  Training  Croup 
Lwry  Air  Force  Base,  Colorado 


Dejjigned  Kor  ATC  CcHirse  Use 
DO  NOT  USK  ON  THE  JOb 


telle ti»  Brtuii.h 
UMry  AFB,  Colorado 
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October  1977 


CONTINUOUS  PRINTINB 


OliJECTIVE 

Using  an  EN-86A  Niagara  Continuous  Printer  and  Veraamat  llO! 

Pruc^*t^Hor,  duplicate  a  roll  of  previously  proceaaed  film.  Finiahed 
prcHiiict  muHt  i  fifc-mlcal  and  physical  defects  and  have  ac-- 

reptablct  denailv  and  contrast. 

ContlT;5i4V  i  5  p:  t;ir  M    f       }>r  iiiuiry  lariks  of  a  contlnuoua 

lifiiiLuprucej^Hlug  r.i/c.  ici^i  .  bt ,     Wl.^  L:i<  r   you  are  m^^king  a  puaiclve  trans^ 
i»aicncy  irom  \ue  or  rM-^;jtivt%  ui  o  duplicate  m!gative  from  the 

iioHU  lve,   It   i«  iniperat  ivt»  tlwt  any  loHb  o£  Inforoiation  be  held  to  an 
.ibt»ulute  roinJmum.     Hu*  image  muyr  not  be  degraded.     Printing  is  an  ex-- 
jct  «»cience.     Thun,  utnoni  control  munt  be  naintainedt  so  that  little 
4ir  no  lo8a  oi   intell  iKen.  e  o<:ruri*. 

INFORMATION 


THE  NiACAKA  PhiNTER 


Niagara  Primer,  is  a  high  resolution^  low  distortion 

prlufer  Ie6tiini*d  to  produce  duplicate  film,  at  an  operating  speed  of 
100  fei-t  per  minute  (  U),s  mpm)  i>f  continuous  rolls  in  lengths  up  to 
lOuii  feet  (30A,H  m)  .    Figure  l-l  shows  an  overall  view  of  the  printer.. 
Uatsd  under  darkmoui  ronditions,  this  printer  can  reproduce  any  width 
.»t  lilm  70iiBn  (n  0.  >  -ir*t'i.v  H  (2^4.)  cm).     It  is  index^  for  70m^  5-inch 
(1>.7  cm),  6,6  nu  h  (16. b  cm),  8"lm:h  (20.1  cm)  and  9.5*'lnch  (24.1  cm) 
t  tlm  wuund  on  riUiiwl.ird  IISAF  roll  film  aerial  spools. 

T\u'  Ntagfira   in  d twinned  to  print  up  to  three  widths  of  70im  flhft 

c)u  .J  aiuglc  Li^h  fl^.l  cm)  rawstock* 

Oescrlptlon  4»t  i*rlnt«*r 

LOWER  ('.ABINKT.     A  lower  cabinet  supports  an  upper  cabinet  and  a 
lot^i  haulaa  plcilt*.     The  ^  abln^L  Is  nwunted  on  four  lacking  casters  for 
eafc.y  mobility.    A  cunirol  panel   (figure  1-2)  containing  all  operating 
Lint  roiti,  la  !Ui)iintt*d  on  the  front  of  the  loi^r  cabinet.     The  cabllttt 
•!iintaina  two  drawers  and  a  single  door  storage  space  with  one  adjust- 
able shelf.    Printing  masks  and  a  spindle  adjusting  scale  are  stored 
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IT 


14 
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3. 

3. 

6. 
7 . 
6. 
9. 


>'.AJ:»  Swit'  it 

LAMP  RI;AI)V  Light 

U^i  l!.'iLN:>lTY  Vu  U  r 

lAM?  /\DJl;Si  Kjiob 

lAHP  FAILl^KE  Ligic 

MrilJi  UNLtK.K  IkiLi  m 

LAMP  VOLTAGE  Selector  Swiu  it 


11. 

12. 
Vi. 
U. 
1  ■>. 
16, 
17. 

19. 


IC\WST0CK  SL'Fi  LV  .cT*^,'"^  Motor  ^i^tr.u  Kn.-»b 

NFCATTYK  '.AKJ::'?  Torq.u-  Motor  C-'ntrul  Kr.ob 


START  Butfoi 
S]"P  Fv.it  I .  I 
SLFW  Svit.  h 
Wni)  ]'uttu!-f 
L.\Mr  VOIP  Li'r.'ft 


Mntor  Cuntrol  Kn-'V- 


•  ! 


• 

;  Jut  I  w     :  4-    '  'i.' 

<i . 

wi  u>;  (isi  liic  Hoi  IvV 

I      Ul   \  ^  ]        ii  *1 

!  "I.  1  UK  * 

in. 

iii*y.ii        'l.ikeiip  Kracki't 

Hnt  *l  I  f         :  .  * 

1  1 . 

S|Hc  l.i1  Filler  IV>sltloning  U*v«'r 

I 

i^. 

I  imp  iu>usiiiK 

/        *    r  .  ' 

!  L 

I  ■', . 

rii  ,:mmv  KalUT  Positioning  Lcnxr 

I'l  iiiciuj;  anu  Main  Drive  Drum 

^C^nt  Fin 

Hui>bi'r-'Ci)at I'd  Pressure  Kollcr 

17. 

* 

(KM 

• 

IV  » 

c2- 


on  the  uptHJr  dirawer.     Iht      cl  vtr  f     !   .-vjnfr^'^  .  „...; 
collector  bag  fur  fhe  dust  ;iu(l  !*t.it  U-  reroovfs  I  unl'.r;  .n  n  .-^ 
through  a  panel  In  the  rear  n-ntor  of  the  <  obi  ay  I  .     Thf  nnprr 
4tnd  its  component  pnrtB  wh»<  "n  nm  ri(  fiu#'H  'p  ^''B-rv  T 
tho  light  and  r.ptor  control   .h.f^s!':  .it.<1  f    !«  .! 

for  the  various  motors  etui  »-<MiMt;int  iMf^Hif  -om  <mT  Viift-iRf  i  - 
prtntlitK  'amps.  Th*-  lowt-r  .jwt.i-Js  l-^  .i  l.U')f;  .-'t:  '  '  t  '  - 
Tt'R'iU^f'ir   ■•'•nsvls  'lip:;  i  !         .  R-i    '.J'-^  r-"-  ■  .  '•<  , 

lower  i-ablaer.     Th  in  -.ah  i  r/.u   sn;;iM.r:R    .'.c  ' '■•  f    *  "ip*-  b:  .    •.  ^ 
bUiwe  r  for  the  dust  H"'  .''•'i{t.'<    <..i-w.v;«i  I'itlr^J,   i    t-  fii.iii'  • 
[M'v-ft   picks,   Kn.t    tor(|i  »  h\-\vt'-,       i;.- *  .  i^iv    •  ' 
it'I  I.' !»-•.:' V  i<ril   '  .H^K- '  i  ■        '       '    '  "  "' 

cablr*c't.     HoLh  doorf.  ate  prov'^l^o  ^'^  ■ 

!rfx"h-*i  r  i  f^'i*  y'*-  ;  ^  'VV;^  "    ^  * 

shown  In  (  '» H^''  "  1  ^ • 


f 


side  or   thk^  ru-gp.ll^^'  ■  - 


'        :;i  i.i^  i.;    u    lutaKu  :»id«^  4^1:  u  blower  which  remo^^s  dirt  awl 
IM.   oloufcc  4iipi>,slrfii  partlelea  4n  a  Hcorage  bag  in 


i 


sV'n>:i-i.     Tne  film  dcivu  iiwd  transport 
t-i  ^'**^^sp*>neut  4^; 


'    '  ♦   '  ^     ^   i:tiMnvll<:    ik.   driven  by  individual  torque 
^  ' '  '    nu^  iieK*;llvtT  arc  liu  afrod  at  the  cop  t%n*ners 

^'  ■   '  '  '-v^M'-M  !•  ;  ;  ;         ,  ..re  iivateil  :ii  the  l)»^-*tijm 

« !•     -        •    !      \  s      .  t  lie-    f  ,  : 

'        -         '         •      i,.  ful;lt»    to    T  il    SpiM   1  wIdth. 


•  -  .      '      ^^-^    j>i*'.sMiiv  I    iit?!-,      ^'it  h  r  lie 

•  '  '         :   •       r     ,  ..  :tv  t  I  oil  t       drum   !n  t  he 
^'    '        ^    )    f'-.'  ir.  K   if.   Mit.talleu   in  c  tK 

'    '*     '         .wlli:  Ji-li    in  I.  Ii<?   oj/ur/if  itig 

-^•^i   i'<iu<a  Hit',      T:i,;.   serial    jn:H:re.s  that 
'  ' '  -    V.  ,  f  J   ^  . ,  c-i;  'in   in  .-onl  at  !    wi  i  !i 


^■'^  '^^i  '.-v    ir^A    i.:ikc'..j-   Npwn.s    In  either 

;'t' -  .1?  .  ^>,;       'vlur.i   1       neg^jftive  is  lo  bt^ 
. .  1  u:i  L,ut.f.  ;>*f  r^lt^rtfc^ed,  ihij  negative  unthreaded 
-  -id  pi.li;r  fiiK  dr. mi,  ai.d  thcii  placed  on  the  sieving 
*  :        ..pUilon  *>r  rhc  Hlewit«  operation,  the  negative 


/ 


V — ^ 


TT" 


must  be  rethreaded  aroiiiid  the  Uiler  to  ir-  'i         r  ,  ^ 

the  prlutliig  operation  can  be  renuraed . 

jy^vipexatloaal  Frcx  €H*r«ceB  for  tW*'  i^i  i^,/  '. -i  •'^i  p 

To  prep.-^re  the  nr-inter  f^^r  oycr'^V ^   rlM-y-v'.^l  "M'ry 
is  turned  Lo  tb.-  ON  p'.^Hff  fun       \f  fi-     '^'v  f'  -  -  '    ^  r 

niuut^'  Op-Tay  vhlc!i  /iH-wh  tM»/       if.r  'n;^   '  trr.    ^      .  f         '  ^« 
If   It  I''  nt^*'»nuai'y  tu  lo^^   ^^  m.^^^i    .pc:  ,:       -     '     ?       -   *  ' 

t,  tili'i^    'm   Ihr  lir  a    ^'U;*-   .'  isi^  ' 

out  wl:.l;'  i.'t  p^o^^7'i*K  ^^^^-^       J'        i-  •  *    :•  * 


this  operation^   i  Hcaie  is  pTi^v^^;-  ' 


-J 

...  -  JT^^ 


Mi;ur  '  1'  ^^,     iAti  ikiu^  i^  ;»jfii.ti  i)l   Sjj»u,l    luiwr  FhiUK^*  with  Scale 


'I 


4 


»  I  • 


The  outboard  supports  for  n\l  «unnly  aiK?  LA^eur  5!:'^'>h-  u*'  :pt  ;t 
loaded  toward  the  aecUanlBm  plnt^*  pud  will  accc I'jpoHat.o  .m  y  ^-P^'^^f  '^i 
from  7(km  to  9.5  itich  (241  cja)  •    Travel  of  each  outboard  support  is 
limited  by  a  holding  clmnp  on  our  fchnft.     Wic-rt  p-Uiti-ig  lrT>v    V  i  iti 
ties  of  one-width  f  Uia,  set  and  tlpjitrn  the  c  .' n^nr  abonf  -.t  '^  rp  i'.'n 
away  from  tlie  rubber  »top  ou  IIK'  niecluitiiBiP  plate  a"t»-r  n  rrv!    ^  •  \ 
in  Lhe  spind  le^-j^uppor  t  brnf  ki'l  ,     Tlu-  protruding  poj-f"     M  '^ii:; 
mast  be  positioned  ^uay   i -nm  t  hr    .-.nil   (to  ?1V)M  «t  m?^        v    •  i» 
ifuf;t).     When  tlH'  Hpool  Is  Ti^rnuwd^   J  hr  Rap  I'^ft^iNMi  ^ 

APJU*^T  TORC^^K  CUNTROLS.     After  acljnHliit*^  tirr         -v.:  i  c»f:  a:*v  -m  n''^^ 
brarkets.   tbr  V'l^^a*'  cutUt'iH  kn-jWs  tn\fs?^  be  spt.      rr  -f^  p..v*'.'»H  fi^- 

Miu?  rawc5'.)i  k  mctl^r'aK  t^^^qio  *  ox   -  !H^«:f'  'V'/uiy       '   ^      •  ,    .  . 

aiuturs  must  be  nrtn- Lf^tily  adju^ttuU     lln'  v^»'         htipr   y<''    -  r/  » 

slippap,i  .      It  «       also  rausi    itw  imU*,*?  ia*         m  ;■        ;    i  *  r 


in 


^67 


r\'f-  r-n^  MUSTCCK-    Referring  to  the  threading 
'.^  \'  '/,  jil  1.  V  a  bpt>ol  u!  r^iwsitock  on  the  lower  supply 
hnt    it    ic»  J.i      f  the  botton;  of  the  apool  i^th  the  emulsion 
;  4.      :  iiii^    iefr  j.;uide'  roJ  lett  thiroqjh  the  dudt 

H.  :  t^raii^   niiciiliiaiur  unit,  under  the  sei'CKid  guide  roller*  over  the  'j« 
m.  iiiHle^.i  tW  right  gulrle  roller  and  onto  the  bottOK  of 


V 


j  I   I' 


J 


Skf  litre 


( 


■     '      ^      -    ^'^     '    -^^    .»pn»J    with     .  ht-    tMtl'.l]^  f  'Jjl    dOWii*        iVe.HS  tilP 

i.'.    rwc  f  t>uiii4i  r»>ller,  over  the  static  eliminator  unit, 

...                  vvi  t.c  ni'xf  ^;4iiJtf-  iTfJUr*  uiul er  the  pressure  roller^ 

iL<   ;  ,  ii.tiiV^  tt»upi; rliMjiOif^d  till  the  rawacock)' under  the  next 

u   rr,i  i.i   and  onto  the  top  ut   i5ia  lakeup  trpool  bo  that  it  is  vou nd 

i    .'fin  . 


m 


Tlte  pressure  rol  ler  co"tr«>l   U'vcv  should  b<'  horf7,tmt.i'  < -  r 
tlnreading  and  vertical  tor  oppr.itf«Mi.    An  lnte»  lot  K  ineveitt  ^  Lit" 
printer  fri«m  operating  if   Ihv  lo.itrol  i"ver  U  not   In  th':  vt-rlU  "! 
posit  ion. 

When  the  printer  If*  prop«T  iv  f  lirf.vled ,  t  tic  nnulslon  if  t'"' 
uegaLivf  tiu!   the  cmulslcn  of  li'<-  r.u^;^(  <  .  V  nre  in  '  'ttif.i.- :   r-i   O.  - 

rrtW3tot-I<  fs  thrt'^difj  i.'iimlsiftt  hi  . 

INSERT  FfASKS.     Tfit-  prlntiM    i «?  »«qu'r»pf«i  wit!'  a  s<'l  uf  mnuk'i 
whifth  are  sfiretl   In  rh»'  top  ru'.!>5   di  awt-r    in  th*'  prfn'«-r'fT  btH'^. 
llicrf  iP  .1  rn.-'sl'  I'mt    e;u-li  widih  of  iii.trfinl   for   w-.titi  1 1"-  I'l 
fy,.;  h'.«*M'  f  i)d '.*>'.  t-J  .      ' 'm-  .!•'•  HMtl";   (in   'h'  i;.'^  ■ 

Ihte*'  strands  nn  ^.'S-fml;  1 -.n  )  '  mw.:!       ,   .  t <•  «  h 

^.jru.ft.ly   .uul    tx^    shoV'.'J   <.  r  :ir  let.-"  V  P'-"       "    '    '     '      ''*''   •  * 

;  he  ',H'rw^,^t'nf   iiKiK^'t  wlil-lj  ii-'-'s   «i    <  n  pos'  im'. 


.Ill  ':m   t  ei'   t  i  >  ,  ii  i  ■  1  •!<  .  /  <  -n  '4  i  M  i-  ;   '.  ■  >.    •     •  '  1 

 -t    '  :      '  ■  ;iM 


Kodak  Aerial  Duplicating  l^ilm  /A/n.     rhiK  i  ^ 


3m 


*    ATiirr-^  PRTKTIH:  IA?f?  INTFtrstTY.    tamp  Lafc^hslty  for  dpfciawa 
i     jt  u-^^Ttuy  m  {  O  ld  the  raefef  in  calibrated  to  zero  at 

i  .      .   it^,.    Aa         iaiiM^    ia  ii^^eti,  a  gr^idual  deposit  of  mercury 
i     '  »        v'-^-  lutrMt     i  Lhe  ghiiiH^    This  Incerft^rcs  with  thc.paBsage 

UghL  ik.d  cutB  duwii  the  available  Ulumlnation*    Two  control  knobs » 
.      4     the  lirft  ot\  and  the  other  underneath  the  panel p  can  increase 
^j|f#i^;>'  \A  (he  lamp  <iad  bring  11  Itnnim? tion  uj   to  the  required  st^i:^ard. 
-  >       •  * '!  •  »u         »:-f  in  i::!,MiH|i  t  h*!  pluH  and  minu^i  1  liaitB 

•     *        .        i  *i        I.,!  i'4M4i5  i*nJ  ^lill  give  acceptable  exposure. 


/  :    :  I  Hi  \i  \  c  dxri  1  vTi:  t%>!i  iiid    ates  ap*- 
'   •     '  ^  •:  -^^^        Vf..    j  i  li'ti  i::  ai      POViM   with  the  tW 

'   ^.  '^  ca'      -  '  '  gv-.ioW  iMuLiola  the  letl  pointer; 


-    '      i  i  t'  I'Li'i  -1-  *  J    I  n  r        V*fMi}>hi»ufcie  ami  Id. 

.        '^/^ivt    i  i:t  rsiri  ?  ly  drifts  uiU 
^     ^^m:,    m,,*  fn  f.^    ^r.r!<j.>  m.t  the  KAIUIKE  light 
t!i  hr-  la  tiii^ii!         '  o  tult^raiu  t*  oy  the  lamp 

I'M  li  zniLii.  hii  pr^i.satjd  bcroro 


i.'    i.^'^        ^  ^^iJ'  U/ATi   I  '^^ju   ^'oiiuM>  uti  at   ihc  end  of  tht^  8- 
!  r.iu j  ! !  taLl^  ii  ifn    hJa^  U  Indic  ating  polnteryiu 

;        i)       if        ,  ad  iusr  to  0  with  the  LAMP  ADJUST 


•      in,i  4I.  ill   \'tit  of  ti*lerant'«»  any  time  after  the 

'  1^'  ^-1,  ^ 5ca  ij^r  hAliJ^Ki   !  iglit  win  come  on.     In  thl«* 

..  .  Ml,   m  :  ,!    :  N1/K:K  t.uiLc.n  and  adlnnt  the  LAMP  INTENSITY 

^  'J  ♦.hi.  i  lu   f  AMP  ADJUST  kiiuh.     When  tolerance  cannot 

V   H  i  ,  f         t    stM   tt  *  lAH?  AlJJUST  kiiob  ba<:k  to  0  and  Increase  the 
^  J  "    ■        I    ..K         iA^ii*  v*;|.XA(,K  Knob  tuuler  the  ix:nel  to 

'.'^     :»     ;'^'>ii  v".'W       M^MUil  or  rtt-l>inn  m  HIGH).  When 
AP  1 4  : L'.i  i^iii. i  anivoi  iu*  uUtaL&ed  with  the^e  adJtistiuentSi  replace 


5'  M    >r    .  ia-  iM.i^'.ii  .f       Intel'  4:oiisia?-S  ct 


)  start  ini^  thu  prfrtter,    (2)  stopping 


t»c-  i  t  (i)  tiuee--stratid  piinclng.  ar^  (4)  printer  shutdown* 

NViuii.^^;  Tiit  I'RltrfEK.    To  utart  the  printer »  first  make 
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sure  tlie  rubber  covered  pressure  roller  1b  in  contact  with  tJir 
printing  druoi.    Theti^  deprenH  t\w  START  Jnittou*     Tl«!  prlntc*r 
will  not  start  moving  tht?  negative  and  rawstock  ^terli^lB 
Inoaediate Ly,  since  there  is  a  f  fvM^Hecond  delay  bpforf  prfntltir. 
operation*     Tliis  f Ive-stHomi  delay  In  to  allow  the  torque  tno»*:''  ' 
to  takeup  the  slack.     After  this  f  Ive-rtecond 'del  rjy ,  the  dnrk 
shutter  o;**»nf?^  the  m.ifn  drive  mui«,»r  HtnrtH,  nm!  f  !i«  pr  |t»c  Im^^ 
operation  begins. 

Good  tracking  must  exi^^it  at  all   tlnoG  di'rln^>  piIntlnR, 
negative  and  rowstock  raatei  f.iirt  stiuul'l  trar'k  properJy  If 
the  sprlng-loHde^  collars  are  proper  J  y  pusftlonrd  on  thcilr  re 
specttve  splxttiles#     However,  a  LraikioR  prubleui  may  dcvclcrp  hv 
cau3**  of   Improperly  ni?\d€»  film  spMiM's.     Hi^' reforf?*  the  f*nli*"e«^ 
ni;iile   Lix  tfie   length  ol*  film  shuul  i   ht*  kepf    lo  a  tiHuitmon.  ''''^ttP 
spjfces  aro  necessary,  they  inu*n  be  v»'ll  nM.pjif^^i.     hipic^.'^T  ^ 
tracking  may  also  ivcur  5f   the  torque  uuMirt  r'Ol  .Mlju*'t*?'' 

;o  ttie  i  oirec  t  settiuK- 

STOPPIM:;  THP:  PRIJf^EKS.  Whfle  prlntliw^  nuiy  be  ne?ee«ary 
f,o  stop  operation  moinentaT  i W.  fo  do  thlf^,  <{ojm*..uh  the  red  HWV 
-Mill. Ml.  When  the  step  hut^o:s  it;  <h*pr<'Ss*HU  t.h*^  c<irque  mototr  do 
iii^:   JeeiierKl^^  fnmv/d  f  at**  J  y  •  wU!i  the  ^t.PtJnj.;  opera?:ton,  !t>': 

s^^x    \  -        Jj^l  ly  pr^w  -t    J  I  fir   :  1  •*   V    t  Vi\ni   iW- ve  1  ij^ ^Tf?   Srr^vr  le 


■•  ^  '    V.;-    •        ,     ■■    f  .\    ^'         -        ;-.v  i'^     :a  — 


-  ( 


e    Set  uxtL  variable  oruj^iLy  ?:\it^'r  .  '     '^-^r  r  -reci 
pr  rv  1 01 :     sp  r  t  i  c  n . 


i  A 


^9/ 


A  !^i:r,!  tl;c'  iie;^atlve  Supply  and  takeup     Indies  to  the 
m  :.^.  .4      i^Uiiiii    :        the  pr*x:ctdut\>  described  in  the  previous 


o    Aiijuat  the  r&vi^tock  supply  ^nd  takeup  spixKlIes  to  the 

..^   5  ^     .  *  ...^'-^  nr.  U*^ribcJ  It.  [hi       cv  louB  se^tion. 


»     I lu^     i.ii  \,  r.Vuf  :^ .      .'.;f,  (*^4.Km)  raWfcJlock  at  the 

.  r  -   '  «       .  .  •  I      ■    '  ^'      ^  i,-'     |>i  lilt  l-J  . 

,  .  .        .        %h  w"^         :    .".il.!  i  .t   its  frv^f.Livird  i*iH"tlon« 

i      I-'    ^    : ,    .  .       /         ^*   .  h.itu  ;  I  ind  i  ^-  |.v>iil  I  ion.s,  pla<'e 

.  ..,,.u.4.:  V.  :^  {.!!4.iv'm)  rawstock  In  the 

I-  ri;iiK.iy  nr.v  Kec.     The  ejipo^cti  Hfrip  is  now  in  the  inboard 

o    )*!ait    i;  «.rwtv  9.  )-^fnch  C24,icm)  spoul  in  the  rawstock 

i        .     i..h    (/4j(rrM   raw>4tv»rk   throii|^h  the  pl-lnter 
i  i  ?  i       What  is  now  the  cniiboat  i  portion  Is  unexposed. 


h^^c'od  Liie  next  len^^th  of  7 (km  tAegatlve. 


:  i^v-  i  K'^i  SrOi'  IiuiLiMi  Li)  wtop  tht-  pL  inter. 

'       /r..  i  •  i -M:,  t  la-  r  .iki.-ij>  i.iJ  t  hi-  Supply  bracket* 

•.Iwt  «       rna^L  iTi  tnt*  j  :u!»p  hr>Uf^1ng  for  the  one 


i  r% 


j.ici^    T  {u.  ue^jat        ^iupply  aud  takeup  Bpindlef^  to  the 
/b4a..«  4.  1^  ^'4>alLion  ur^lAg  th^  proi^iidur described  in  the  preirloua 
bee  t  i4>iu 
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o    Load  and  tbrcnd  tin-  tifxt   Umj^th  oi   Hkm  lU'gfltlvo. 


o  Print 

All  three  stranJa  are  not  printed,  nnd  the  9,*»-tn'.-li  (;/».fim.. 
film  m.-iy  be  prucvr.j*ed,  hIU,  nnH  ''<nm<d. 

PRINTi-R  SIJUWOWN.    Aftt-r  nil  i  fu-  ;M<ntlf>R  Im-  hn^,.  r.H.r  i .v' 

One  ot   the  most   ltr.por  laut  t  t-aLurt'"  <»f  the  Ningflt  a  Is  ItM 
uncomplicated  operation.     'iUi.-.   i«al.JM  f  :  ue  i-.t    i ;      Kh,jt  .',n.u 
procedures.    Ttjc  first  shutdown  ciin*  u'ct  at  Ion  f«  tc»  Mto{^  :  be 
operation  of   the  pr  hitr-t    fransp-n  !  .      '^.Ls  ta-iki-m  lu-    i.  c  "mH. ' 
lit  otty  om-  of  tbrt-  way:.     T!io«..  <!)    U-pr  er '4  i  iiv,   t  h.'  SHT 

ln,ito;i.    ('.)  d  I  Kftu-.aK         i'*'   r".-  su»  <■   i.-M-r   ■  •  v  ;:i     bo  f  ' 

.inun,  and  K))  turuinp.  tht-  nuiin  p^^wr  KwU<  t,  ufl.     UNL\  .  i-  i 
iH  n.Ciiininendt.d.     Uthorwlno,   t  ho  Lorn.ir  mof..r«.   .ro  o-.f 
lor   Lhe  r^-f,.ari.J   J  Ivc  a.'.s  .      .)■.■.•  f><  -  ..rM '       •  ■ 

b.ien  Kropiu-d,   r.fi«tdow.i  .un.l.sis  smplv         i-uul-H   :  be  MA,.,  i^w) 

switch  'iff  .     n-w.'vci,   r--t.:.          •■•i?    Jt    '  -        y   '    •    -    - '  '  • 

tum*'d  ot  f   Hnd  l.'UMi  on  .■■»;al-!   ^'.iv..'  i.a;    Iv,   'l!'^' 

i).  I  u.d  will  Hl.ij.s-  boto!.-  ;.r        lu,    ■a-..    ■.  -  '-<M.'.:i.  -  I'' 

o^ht  nifu.it.'  J.-mp  sr-";  1  -if  ■;  M,  period   !     r^-iuIrAd  before 


a-.  V 


r'^movfi'  ,,:,fr.  1r,  thi-  ttv-nsv'*'  •  ib 


■5.1  ■ 


Sii  C!(»!iTi  the  ^'ges  of  ti^  ^mm^^U^^mt^^^  m^mH 

t  !•   ir:  rc  f  . .!  a?  y  h.f  ldup  whic  h  oan  trap  dirt  particles  and  cauaa 

tluatlily.    Rijwuve  the  i  overs  on  die  rawetockHlu8t-ttt»i-8tatic  unit 
.til  it-m.v.*  m^j  acrumislatlon  of  duet  from  the  covers  or  inalde  secliaaiam* 

i  '  iv*  -  :  hi  lanp  ho:  «in);  t  .va-v  nnd  dutic  aU  parte  as  rt^qulred.    Check  the 


,    •ij  v-.  •  .  *       ^  rho'  k  tht*  air  inHiilfold  filters, 

,  e    ;     .    .    ,     c.  I  .     I  -i  .1  a    1  i'ylu^     inn  h  1  liters.  Check 


,  -  i  i  1  > 
f 


1.    .    4  . 


i  2 


1.1,  : 


U>  ;.AVu:  i<V/tiA/Ai.  UNlTh,  llic  power  packs 
.1    iM  ij,;.      *     U^'  t.iltni*!,   tcqiilre  no 

J      I  ir.-  :.ir  ly        c  •  Hiii'v  il  long 

ili^ilrt.:?  iiiK*     /wcuMHii  at  iOil  of  duBt 

w!iiin  .4('o  SI'  ill  »  expotitjii  plt'cea  of  wlrii.) 

'  .  .!         !   It    thi'  Hi!       i  le«  trlr;il  otmHHlH  in 
s    r-v:-      htM.lii  tn-  rt-mrved  and  emptied  period!- 
i4i  i.u'  viutui   a.i  that  tor  the  chassis. 


^  .ihw  Aiv  ...il  i)^N^J^iV  Fil.TIOi.    Kemove  the  acccsB  pl&te 

_  ,  i  .  h-u.-^hi^^     Turn  the  filter  dial  knob 

;.  I't         liliL-r  ^^ith  the  left. 


wijl   K.i04/  liu.^L  t<;   t*t-^  aI  ibrar.cct  as  foiluwii: 


hi>uiJtaK         f liter.  Scratches 


H^ii^     ^iafcJe  strv  lUi.  In         photographic  output. 
,     i  n  a  ih«  dial  ktu^h  lUMiuierct locKwlnu  until   It  stops, 
t  {h»:  ihrf-e  I  !auipia^  w  iewH  on  the  dial  plate* 


ERLC 

yiiriinijiiiTimjflP  - 
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o    Turn  the  dinl  plnii-  mil  I  1  the  it\d^^\  point  nbc/c?  thr  kite 
on  the  front  uf  the  l.imp  liuiif' !fi>t  .nut  ihc  vxiwh  \:u\rk  ht^yovA  1.10  im 
the  dial  are  lined  up. 

o    Tighten  the  t  liro«-  H«  ri'Wf5  firrf^f.lwt  c.TMbrfi^nn  In  cott^pf/r 

Thlb:   Ih  thr  eKt*Mit  of   thr  mnJiUiMinnrn         It**  |n'r f cirmr^l  hy  f*.^ 
operator.     All  tifher  innlnf  iM:,tfM        ^riftidlnK  Ux^-^v  r«^p1     f  -  «i#*ti* 

Vi  inter  rert  I  f  U /i t  Umi 

TIk>  f>r  Im/uy  ftifcclh*n  <it   ,'iny  pi  Inter   is  fu  tiiinstor,  /i 

materia'  Insure  that  ih#»  Ii^^m  s  vfll   1m'  ti^' U!        n  vJ  iim  ui^, 

the  ctTti       ,»iUm  r'Onslstf?  <^f    1  ^ -  st   fn   lirri"^  **  "vc'M  ^  P unit Ttn f  <  T 

by  the  ni*u.ui     uirt-r  ali   <  i    IiH-'m    i    .1*^  r-^ 


:  •      i  /    r  ;  <'i    ;  ■ 


1  r 


... 


given    L;i   i  he   trF*^v  if  i«-at  trus  -j':*' 


Figure  ]-S.    A  Typtcil  Printer  r.-rtifi    ,:ir,i  Trii^kL-r 
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If  this  Standardlznt fon  Ma  ster  has  been  lost  ox  destroyed  throu^b 
continual  use,  a  »ubHiJtiiic  ean  W  hmcIc  quite  oasl.W.     Tli'*  Rubnf  Itutr 
test  Is  as  follows: 

o    Thread  the  printer  In  thf  tionnnl  nif^niu'r  r^crft  lliMf  *i  cnFi  fcT 
ntiteriai   is  unvd  J^plarc  of  Ow  nfg.i U .     Hte  ^*nrrf*T  nh?C*»r^^ii 
ho  frve  of  nny  phy^^U  nl  u<*^^rntfat ionr-  n-n^  f^hou  M        .ir.  f  rniif^pnrmt 

all   .^t    Lh«'  L^mulsliHi  !n;i'>MM  v  r.-m^iv*-^         ^viJ-'P-sh^H  't 

bleach  (hyp^'chlnr  J  Lc  SiOuttcMi)    Is  froqur^nily  up'hI  1 'F!  th^«. 

o    After  lite  printer  lu-if^  f?*  ^         lui  s*»,t  ^rnnnport  ^  nt^^  ;nn«v 
I  stPp  w#?dp,i*   (dense*  cn<^  first)  hotv/t^rn  thp  *  .1W  s*<7cl^  nnd  r^lrrir? 
fMU't;i«l  ju*5t  .'ihe.^il  of  rl!i»  pM  '^'-t:**.*  T'i  U*^^  .     'i'-r  .ip'.M  .u<'^   f.jf,  i..c- 
ihi    K(4'p  we<V;*'  as    it    ^rr>,Mv    '       t  i.-  t,;.  '  I.  r^.'ui  ''.^^^  i:'<<'r 

twice  in  tlie  H.iinc  tn?umt»r  as  t  lia  Prlnt^M    Sf  ir^^.-'nU -.if        N  r^'^  r »  f 

Pr  i  III  c!   C^,»r  r  c'  a  t  i  i.^  > 


1  * 


procedure?  are  at*  follows; 


4 1 ,? 


39  7  ■ 


\»         ft^^v  SraT!rt3fd->?'t«r-«r,  prlne  a  step 


^  a  roll  of 


,  .li^f  ■  iT.  Lht-  .-am<'  loU  ol  rawstock,  using 

KieniiV.il  a«t:lns='*  with  each  of  the  printers  to  be  correlated. 
IM.iMM  *i/u  h  i'Kpoe.ire  on  the  roll  «t  the  time  of  exposure. 


<  I.  I 


,    ,  ,n     s  !    '-^^^  .S  av  a   )  U.^'  r  ur  >  i^'*  ilw    r  va^  .  urvcs  (sc*'  figure 


It. 


I 

t  00  L 


r 

r 

S 

I 


-too  e, 


A  LOO  e  ReOUlRED 


_      'J.     i'f  hit.  f  r:  irvt'-^ 

/.     'i.iiL   ;/.rit'  iNihN^l'iV  ni<'Lt-t   srale  inj|uatt--.s  a  change*  of      10  per-- 
,         ,nul       ;v    [iciL_«.'iV.  which  aii-  .$npri^>?  1mA  tel  y  equal  to  a  fog  E  cltange 
f  1    f  0  !  5  and  -  Turn  the  fAMH  ADJUST  knob  until  the  LAMP  IKTES- 

silY  t.ui.:*  i^Uutcr  iiidlcatiis  the  required  deLttng  for  the  desired  shift 
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8.  Repi»at  stops  2  thruugli  5  ami  t:hc%ck  to  determine  how  close  the 
printers  now  Li>rrelatc.     They  mt\^{  ct^rrelate  to  within  a  +  0.05  density 
units, 

9.  Wlson  the  printer  has  hcru  «'orri»1ated  to  wlthlu  this  LuloiarKe. 
adjust  Lht:  r^cesse<l  put«UioiiHf  vr  Hi:rew^  which  is  located  JuBt  to  th*' 
\vit  of   the  VOID  hut  ton,  unfit    f!^.  U\Mr  TNTKMSITY  mol^n   rcadf  Avtn. 


AEKfAI.  K  !1M  DUriJCATTON 

There  Is  a  4«nttlnulug  need  'In  th«'  Air  Furcp  for  dupllcntlcms  of 
at:rlal   t cHomialssaiuH  film.     In  si^mr  Inbf*.  diipllrnf  Ion  In  thf  maior 
part   t)f    the  u<»rk '^1 .     T?m'  iivpr/ili    ol.Joi  I'tyi;  ^^f   n  dup «  irat  » •  »ii  Hyf-feni 
I'.'   to    ftS'M*'^*  ,1  m;ixlinu!:i  .iMitM»ti«   ^'f    f  ns  *•  1  1  I  iy«fu;»'   Hif  of  m-it  ^ 'mi   l.r  ro 

{  a  f  ned . 

V-'V^  7'   li   fs  luu  ecinU'THM  il    io  make  Ltv*  =  t   rxposLil^^H  ^n^' 
o\    fWm,   *;<^th  flop  th*-  "tnnd}Ur?tu  pf  tanLrrfal  a:u!  inaidisoiir*^,  a  »n»'I.*H?d 
ot   control  '.mi-;t   he  fcmud  which  will  prt^diH  i*  nt^cptabl**  rcHults  mont 
et  1  Ic  Itni  f  J  V  .     As  a  result  »   a   ?rh;iauii»U   t  onr  rdtufol   KV-tcm^  !i;4»-r^l 
un  rJoi'nd  sens:  it  ciinr  i  r  ic   aru!  staf  t  ".t  i<.'n  I  mi'thiuis^   was  di'vr  1  opc-l .  TUlf^ 
ifW  fMi'lfnt'^  bow  to  coTJstrur:   r  f  r  f  p,r:nt  f t   r  vmm*  control  fiy^f       au  I 


'5  /i 


4jt  v.n  i 


A  f  •  r  t   *  ( H 1  ^r  ft  t  ^  o  ''^  4   ^  ^,  * '   '  M   rr*a  t  ^^r  f !  "  ,    ^ ' ^  t  r a  t  '^c ?  ^  />  ^  «  v 
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in  two  primary  nediums  —  numbered  or  graded  contraecB  and  variable 
cuntrastii  —  each  meaium  having  certain  advantages,    timbered  contrasts 
are  useful  wiien  the  original  negatives  being  product  are  all  of  one 
contrast.    However,  since  the  originals  are  not  exfiosed  tinder  con- 
trolled cottdltionH,  results  are  varied.    Using  a  variable  contrast 
materia!  makes  it  nects^ary  to  stock  only  cwie  paper.    Canparlng  the 
Kt'nBit^«m>trlc  «:urvc  uf  Lranspn«ncy  materials  with  that  of  opaque  ^ 
i!uiterial8.  It  it*  found  that  the  former  varies  with  each  naterlal  [ 
and  gjumua  ii.finity  Is  rather  hard  to  obtain,  while  opaque  materials 
reach  gamma  infinity  rath<r  quickly  with  less  evident  change  In 

I'aittn  lb  aibu  av.aiahU'  s;.  s-^U  torn:  and  is  used  when  prints*  are 
u».t?d*5d  of  an  entire  ruU  of  tilot. 

TKAWSPAHKNCV  MMhKIALS.    TUene  covet  a.  wide  variety  of  photo- 
^r^lihlr  ciaterialrf  whJth  are  tt»..ted  on  transparent  or  semltransparent 
baticsH.     The  inofcit  common  of  tht'S«'  are  t*outed  on  conventional  film  bases, 
but  ...thirn  luay  Ixi  coated  un  gL.sti  or  «Jther  photographically  Inert 
nirfteri*.!      Cliatactei  tHt     s  of  base,  Ht,  well  as  the  physical  character- 
it»tU  .-.    ?   Lhe  emui  vaiy  a»  -  ordln^i  to  uiiage  and  manufacturing 

spec  itl.:  a  (font..    Tlk;  most  witltiy  used  transparency  bases  employ 
c:onv«  n'     ..il  acetate,  trlacetatt-  or  pi  lyester  materials.  Bmulslon 
tyi>t-.  may  be  generally  dlvid.^d  Into  two  classes,  normal  airi  high 
det<niii«»n.     In  the  former  das',  are  materials  such  as  Eastman  Kodak 
Vy\u-  2i,2J,  842  7,  and  Dul*ont  228K.     Their  definition  is  adequate  for 
ali  but  highly  spectalired  applications,  and  their  characteristics 
lend  themrielveti  to  the  roiijorlty  of  conventional  reproduction  re- 
qiili\einents.     The  second  clasa  of  materials  is  that  of  very  high 
J,  1  lull  ton  nuterial.     At  thli,  i  liae  only  one  product  is  currently 
,.u  '.  I.C  marlu'L- -that  i.s  l^mxu^i,  Kixiak  Type  8430  (formerly  SO  278). 
tltjv'ijivir ,  there  are  several  «pe<.  lal-CMcder  emulsions  which  may  be 
i.nu.L.^-  ..L  c-veo  grcateT  detinition.    Tliese  materials  are  suitable 
Kt_   ^ijc*  if.l  5  ?«.-d  auolii  atfon  of  original  negatives  possessing  very 
hi^\i  :.iiulHo»i  and  ^re  .iuited  to  many  precise  reproduction  functions. 

The  tone  controls  that  are  discussed  in  this  SW  are  related  to 

o  /rnial  detinltloa  trandparent  luaterials. 

Toiuf  ReprcHluctlim 

Tlie  photographic  Image  ran  be  seen  becaime  of  the  diffarent 
luna^  that  art:  prasenc  within  the  various  ateas*    The  photogri^hic 
Image  Is  a  copy  of  the  orlglnial  aubject^  due  to  tl^  cleee  reiatloii'- 
ship  betveen  the'tmea  of  the  lnuige  and  the  Lmioaf^e  of  Che  originale 
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This  close  relationship  is  referred  to  as  "tone  reproduction. " 


A  photoprocessing  specialist  knows  that  a  mnber  of  steps  are 
ne«l«l  before  a  photogri^hlc  reproduction  is  flnishel.  8q«eone 
else  exposes  the  negative  of  the  original  scene,  but  the  photo* 
processiO'  will  be  call^  upon  to  process  the  £il«.    Once  the  f  11« 
is  processed*  either  contact  or  projection  prints  must  t«  made  froo 
the  negative.    In  each  of  these  steps.  It  oust  be  ensured  that  the 
maxinum  amount  of  intelllgenrt»  Information  Is  retained. 

TVo  requirements  that  must  be  met,  if  this  intelligence  In- 
formation is  to  be  retained^  when  duplicating  are: 

1.  The  straight  line  portion  of  the  characteristic  curve' 
of  the  printing  material  imist  be  used.    For  most  duplicating  . 
films,  the  straight  line  lies  between  densities  of  0.40  to  Ut^Q. 
Thus,  In  the  duplicate,  the  minimum  density  should  be  cjose  tp 
0.40  and  the  maxlmun  deislty  should  be  no  more  than  1.8t). 

2.  The  density  differenct-  between  the  highlight  and  sliadow 
should  fall  between  0.80  and  1.20,   Ideally  neor  I. 00. 

The  first  requirement  will  be  met  If  the  exposure  level  of 
the  printer  is  correct.    Tlie  s-.  ond  will  be  met  If  the  proceHMing 
Is  corret  t. 

In  order  to  achieve  these  gcnlM.  pone  form  of  tor<»  control 
must  be  used  to  guide  the  printing',  an  !  prrvep^ing  opera t lonii  • 
The  duplicating  of  aerial  ri'<,  oimm  i  m?  an*  t-  i  f  Im  requires  tlwt 
exacting  standardH  and  c*)ntrol  h.-  u-^.-d  to  i-imure  that  the  iDinge 
is  of  the  highcHt  posslblt-  qii-iMfy. 

Trigradlent  Tow  Control  Systtui 

The  trigradlent  tone  conf't  -iy^nin  is  ror.slder*»d  in  be  a 

most  flexiblf  procedurt*  f-T  .h'-crn'"'    ■  v^U.n^n>  nmf  pr.n  pS':1:^k 
requtrtiT-entB.     Ah  the  natn.    i.Tsr'.ivs.      •  :       Ihvd  .'r-^bJes  t'le  ph^.tu- 
proce.Si  r  to  Kf-l"ft  onv  ot   tUn-t       n...^^rc.i,'.ci\  pi  nri'«l.«»orH,  uach  pro- 
ducinv  a  d  If  fere:!  contta-t.     : 'n-  -  f  ci  -K*"  d'-i^mimf 

upon  whether  the  density  ranK*  •(  i  'iup' i  -  ,>u-  ^-.nou'fd  1-  fr''*>H«Pd 
maintained,  .or  decreased.  The  n  U'r.uUmi  t.  t,  •  .-it-ul  cy^te;..  v}m\y 
one  to  Chang'-  the  density  rangt'  in  earh  p.enfraL  ion  ot  reprodui  t  ^"n . 
In  this  way  the  final  product  provld«'M  fhf  U.'f^iifd  tonoi  va.u<^f;. 

The  bcMirt  of  the  tone  reproduction  method  is  the  set  of  tone 
control  curves.    Each  set  (high,  medium,  an<j  low  controf»t>  c  on«f«t« 
of  a  series  of  characteristic  <  urv.'s  vhlrh  fi  luMtrote  chv  tom-s  cha 
are  produced  In  the  duplicate  i  .tage  wh.-n  a  Mt.  p  wtxiRi'  :s,pr<T»tpd 
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under  various  condltlone.    Figure  1-10  llJu«tr«te»  «  set  of  tone 
contiTol  curves  that  has  been  print'-ti,  uping  a  Niagara  printer. 
&ch  curve  la  labeled  with  the  aBuuni  of  neutral  density  that 
wan  used  in  that  particular  operation.    All  other  major  variables, 
such  aa  printer  lamp  lunlnance,  itrliiter  tran-sport  apeed,  pwulfton 
characteristics,  airf  processing  coiKHtions  were  standard Iz^ . 

PREPARATION  OF  TONE  CONTROI-  CimVES.    The  preparation  of  a  set 
of  tone  control  curves  must  be  ncoompJ  lj?hod  with  the  utmost  care. 
Since  each  set  of  tone  control  curves  J 6  valid  for  only  one  sutndnrd - 
Ized  process,  a  separate  Bet  muv.i  hf  prepared  for  ench  typ« 
duplicating  film,  eoch  printer,  nnd  each  processor  used. 

Nornvilly,  these  sets  of  tunt»  control  curves  (reptenentlnR  low, 
medium,  and  high  contrasc),  nrc  prtTircd  r<'r  e.-i-.  h  mpjor  fUm-pro- 
c-eusor  combination. 

The  first  task  la  preparing  tone  control  curves  Is  to  selef  t 
the  equipment  and  materlilH  to  ho  ustnl  nnd  (o  psi-iblish  in>pi  u,)t  l.* ; '» 
procerwlng  Htnudnrds . 

The  equipment  used  will  W  tlu>  Niagara  printer  and  the  Versamst 
film  processor.     Tlie  dupllratlon  mjiterlal  used  will  either  be  Kodak 

A.-ria'.   r:upU<ifinH  M 1  m   '  •  >">  J'-'''^  A."  L''  Dup  1  Irnt  Ing  ^  '  I'-  /?.3K. 

Alter   f.li*-  i-t!,nKr-eutf^!  "i    t'"'  rrot-'.-f^H  l««vi»  bopn  Sflecled ,   '■•    ■  Mw- 
^ri,-   t,-f  V  Tp-ssr   '^f  rntiHu-  Cf<"   ".o  J  h(  iTtni  tu-  the  pro«e»".  iv 


;:!■.<•<•:•  irv--   ',  must         «f  -  ^4  h  M  Mht-d 


>'!,.'•  i     ;  1',.     ■•  V 

,    ,.     .     ...  .         .  ..'  ■'    •    ;  •  '  '  -      :  •  •.  :  r»'.t   '-.'.i*    '  U 

-4  \?  t .  I         Tit*  ' 


The  valuers  for  each  gra4><-ii*.   *  1        i;,, -^ri^  •^*>;«')  '  - 

from  unit  to  unit.    Thedeslie.i    onfr.ipt  s  n  M.rt-  ^e' ot   t  ,r.f» 

ccmtrol  curves  are  selected  on  the  basis  of  t:.!-  <riallty  of  tn.  invAHcrv 
wMch  the  facUUy  If  P-r.-nv     .»!.-:  -.-n  i<;->-«- •  J> 

r.Kig?-        the  Stniignry  Is  -i •  '        '■     ' '"'       •  ••  *  "  • 


A.*  41') 
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^ I    I  ill   .icuf,  J I  y  ru>;4-S  u*;ry  Kr^^airyV  cofttYlS^K  select ^  WcroM 

,   tH.U'^^  rimnKcfe  L^:  lUc  ^io^aity  i^iig^^p  such  as  0.70,  1-00,  and 

AH  of  Oil-  tsennUoineirlc  titrlpB  ^ac'd  In  the  preparation  of  the 
Ciitv^  rvnuiol  curves  ami  ilie  appiopr'aie  gradients,  must  be  exposed 

I  V   K^i^.ia  prli'.?ti.     Generally  r^p^-^^^ng^  there  is  a  ganpiia 

r  ,'jipoHi.*A  hy  1  ho  uat!  of  li  continuous  prljiter. 

M  '  .  tUw-  Hpfr'.ti.ii  ^nutllty        the  twii  light 

r  ,  ;    ;     i  ^^  *  tii:.;  <|      iK.ti   hav^-  h('Ci. 

^ftn.H    \:i  *,ilU-4  i>i  c  ^  »     •  >!,M?nu,«.     Tlu'  ^v*^'B^*'*  piodtict'i!  t  ruin  tlv 
IfrMit.      11)       IS  ilu'       lual  ciupi;:   of   t  hi'  combincii  pi  luted-- 

m  I*  1  .r.    h,..  -4J  K^^»i^'        '  '-^^^        ^^"'^  =  i*atL   In  madi^  with  llu' 
prttM.i      a     r'i>HOi  <»fia  iti.iu'il^i-         makt-  ilu'  cliart,  use  the 
N<  *.-  ..   , a  f,tinsltoni<  ter  ;ind  t     n  tolluw  iho  same  procedures 

l«l    t!:Mk'itt4       hia'hin*'    ;>prt-il  ^alunui   i  luU  I  .      Then  USe    the  clutt 

uc^t  .'i/jat-  whwh  i»hi  h.iii   ..jK  I  ;  K*vu  the  dcnircd  gradient 

(  hO,    1. 00,  or 

i^iicr  ..  iv^HK  -  .St'i'«.'.:->  1  .j.J  i t^u  clwiri  ,  scUri  the* 

[u.    Jm^'  4  ..iai  •    .     IT  Khic  4    (  «•*    f  hi  CM-  diHjrud  gr*idleiits 

,  ;    }    !  *    u  ,u*    fiMV  r^*;iiiv   t  *)  print  i  He  tonr 


!•..  :  .  !l-?f.  .It.J  v'tt»  a  f-!!   "f  rU?an  leader,  which 

i.    ;  .  •    f  iw:  :  s  t%    M   •  ht.'        .  ij  i*-4l  <M*:*.lsi*in  i  ti  tl^rcjtded  In  the 
jw^lii.^.u     iiu'  ;rjiitrr  tmnsp.n  syMLcm  ^^i  engagtfd  and 

i.*  nut*h   lis  the  M^p  wucig*    ({nsi?rCt5d  dense  end  first) 
.    J  f       I       i.f  U  p  ro.  t;!vK-f  the  prfllf  h^K  .ip*'i  «uri'.     The  transport 
,^       .-,1.;^      .   Mi  I     »    'p/vti   and  itK<xii'*\\  n{   the  expnSUte  Ib 

*ik<il  oi*  Lhr  iuli   .>t    rawtotuck-     TlsJH  pr^x:Or^s  Is  repeated  until 
i    !•    the  Jit   f'?tr,afv  i*xpomireH  tor      ^^Ivin  .44*1  of  tone  control 
L  AtK'if^  hd^\ftz  hcea  mndv  oii  ona  rull  of  rawHtork. 

wtu^A  tiuiiiH         Ni'tgara  printer  iti  produce  the  tone  control 
cisrv^a,  fcimpiy  rotate  th«  neuirsl  dent*ity  dial  to  vary  the  ex- 
Pi>bnri'fi.    -beglu  w<  I  h  neutral  U^nblty  Jlal         to  0.00  (no  filter 
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at  all)  and  pragce»d  In  lacremcntB  ot  □•lO  until  a  neutral  density 
of  1.00  ha©  been  reached.     Ttien  InB^^rt  a  bias  f  11  fir  with  a  v^liM« 
of  1.00  above  the  printing  mask-    Rot.-ste  the  dial  bark  to  0-10 
neutral  density  and  aake  a  aecond         of  enposurea^    Thla  will 
give  a  toCal  of  11  exposures  ranglnp,  fr^m  0.00  to  2.00  nmitral 
density »    Then  proceas  th>'  roll  of  t»Kpo8ures. 

PROCESSING  TONE  CONTROL  CURVES  Fim  SAMPLES.    The  prof eyeing 
of  tte  ©enel  tome  trie  images  from  whleii  the  tone  contral  curves  ar^ 
toade  Is  Indeed  critical  ♦     Sloppy  proirBHlng  tecleilqueip  coGld  ruin 
the  work  accoiapllshed  on  the  printer  and  destroy  th^  tone  controi 
program.    Hake  sure  the  macliint*  him  been  i-ertlfled  both  rhemirally 
and  mechanical  ly»    Do  not  bt^gln  pruccsslng  until  the  temperature, 
transport  rate,  replenlalmiiMU »  I'tc-t  arc  set  a»  <ur/ite1y,  (Thp 
transport  rat*-  Is  drtermliK^d  by  thi  niaohltu*  Fp^ed -grniUeul  rSu^rt  ) 

PLOTTING  TONE  CONTROL  CURVES.    The  curves  for  ttw  trlgradlent 

tone  control  syj^tem  are  plort^'c'  H^jnilarlv  t«?  rh<*  rhnractcr tut  Ir 
curves  uHed  to  dett-rralnr  r  anun;} .     Thi'  only  differeniC  is  ttmt  the 
tone  control  curves  arc  plottid  as  dtnisitv  veri^ufi  d#»nalty*  T*^^*^ 
a  moment  and  study  the  ^rapli  fn  ffKurc*  Alcmg  tbe  horl/ont/il 

,ijcis,  going  from  right        -^it.   f        the  DlNSin  0¥  URiGINAL.  Tim^ 
dfnnlty  values  marked  alonR  thi^  horirontal  f^xln  ure  obtained  frim 
tSij  step  wedj^^7  \xbv^  r     iit{in'  t\n-  .-x^'OHurMK       An^n^.  t       vvr  t  \    H  /i-l 
at  the  rip,hr  ..\de        tlr  y^xny^U.  the  DKNiUn  OF  DUPK.  TM-^fi* 

deusltleH  will  bt»  tbow^*  pi<«hiicd  hv  t  hi*  Hi^p  wi-i^p  in  rotij  ^ 
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In  addition  to  this  informntioii^  ench  curve  must  be*  idi»ntif  led 
by  the  neutral  density  filter  used  to  produce  that  particular  curve* 
AIm,  the  aim  poinl^,  should  be  located,    this  aim  point  dependci  upon 
the  standardB  of  the  laboratory.    For  most  duplicating  opernfion«, 
a  good  aim  point  in  0.20  to  0,  30  abuvv  the  basie-plus  fog  density  of 
the  duplication  materini.    This  will  usually  place  the  aim  point 
betwen  0.25  and  0.40. 

When  the  graphs  liave  h*^un  plcHtod  for  efich  Hys teres  grarllent 
they  can  bt*  uB€kI  to  determine  the  exposure  and  prorr«i»  needed  to 
duplicate  a  roll  of  aerial  negntives. 

USING  TONE  CONTROL  CURVKS  TO  COMPIITK  PR  (NTIIC  AMP  PROCES'^ING 
REtJUIKEMENTS  .     Tho  cinuput  ;U  iun  of   the  prJnlii?K  i»r  n,  ^f^w  j  .^^n  r  < 

qulrament:*  InvoLves  the  peifiumarKe  ut    three  i.ihKh: 

o    D^msl toraetr ic  evalua t hnV  ef  the  rrUii^vl  !i<*Rntlve  t*'  dotormtne 
the  useful  D-wtn  aiyd  D-inax  v.ilupR. 


o    Selection  of  tfie  prctprr  svl  of  t.(*ne  c  ruro)   rurv^s  hnsni 
upon  the  ii'jnsiLy  rnnge  of  rh*-  orirJtTnl  i;ll;'M•rv^ 


O     Compulation  uf  !      lmv  t  I  (»!!*-» ,   Milng  ih^* 

v.ilueK  of '  t  ill-  urlglnal   and   th*'  v5e^^{^«'J  Dnin  vo'u^         c>  e  ,te* 


C.\::^gOTw   include!*:     iiulldli^«   i"^      ^; .    ^iii"  /•/"f.    ■-Cr.loW  lf^"rr»^i.:     ;  ♦     :  f 

rUnwaye,   oil  tankt^,  etc.      :!'■          r    i  ^yj  ^     *  -n  wacor,     t.;,  c^tv 

miist  be  avoided^  aS'  shoal  d  rlo^df',   '^Iv.t'  t'u^^ic    n  ?*-'?s  d--  nor  -.^  -r.-'.'-* 


H07 


tinagcrys  are©©  of  dense  forreBtry^  asphalt  ruiways,  topographical  4 
^f5d  B'mHB  whirh  «r4s -  l^^atad  tn  ^l^d^^haS^eyii^  :«r<^aa^--€ii^te^  .  .  ■..■.■."•i--^^ 

Heavily  shadawud  arcasi  which  contain  no  decall  or  pcfteatiai  in** 

iOrnjfiicti)v  bUouId  iu)l  he  ub«;HJ. 

U  it*  recomroendi^  chat  the  useful  D-nnln  and  D*max  values  be 

ji^  c  .'rnii  jwtl  fresn  t*igUf  to  ten  (r^sncn,  scietcted  at  random*  An  ex- 
•t  ;r':v'eci  nku  dS  :  r  ?»uf  x^-viuiir  fewer  lUan  ctcht  fraraes.  Someane 
.J.'.  :    •^'iiU  '.'m    la^k  au>  tu.sii^  to  take  more:  than  ton 

»f:v.i' « ^  *•  .     F-*^4t'ra  asui  H-ii^tx  v.i}u<?  fouiid  witliiu  eaclj 

.•.a'l'i-  tiV   »  l.fc*  roP-     Thi    niglust   I^'v.,.x   !     nfKi/.cu  ati  the  -mux 

A  r"  f  ri   t  il-  1 1--  ji^  f  -  tM. '  a  I  ksu-  -  .r^'-i    i    ;  -  s'^-iv  .iitii  u^^ei'u  J  ^--fniii  values 

acr»'»;ii  Jiii.i^Mu  f   lii  iu  .'wi        ilrlta  (<£3^-4>),    1o  c.-^mpute  the 
',  \  A  ■' 1  ,    :Ti*rr;r.i'  r    tit''     .»t!u.    1  !'         t  rH'  'ijieftii   li -iti.iK  •  For 

,  J    if    tl*w  u^tl.^l,   w-U:Lu  wa  ^    . '  -        aild   the:  .usefui  D*taax 

"•fc^liu-  I  .HO  the  i!i''T**")  W'shi 

,  .>fr  •   .   i  ,   t-Ut?  tit-iihitv  tail^e  ov    lelf.*  !)  nX    a  roll   of   film,  the 

iiensiiv  rai;..;*'  --i    i\\v    'ic;)!!.   -m-  iiru^L  be  dcteruilneJ.  TtU- 
.^^m;    ^'rti.^ity  r       I.  titsJ    ,    ;)wf  .i  f  ,  *r  i  <'h   Ih  1,00.     Th.is   Is  the 

aMi,siiy  rauKt-  w?*  sti  iv*-   lor  , 

fi*.(f    f  Iv'  Mv   I        4*  .»t    The    fnvi.'^iiy  ran  In*  alter<fcl   so  tluit 

t:.*    ^^.,.IK,t!I   I;      \  '    :       1,'      nfi^rms  t  .  tf:*-    -eijirod  den.,iry  rati^.^^* 

!   I  I  :  i  .*i  NV:.(i!:is       wul  icnl   wi  il  iiiwei 

la*   a«;ita      *>f   t  h*-  Uai^  1  li  .ii  t- .     i'lit*  m*.-**  iuw  coi^^'rant  rhart  or  1*00 
a       <       wil!  ii'.aisH  lia  t  hr  i^^une  deUn-D.     The  hl^h  con- 

I  i.aM'r   i-^ilA  :au;Wn  lu'W  I  lu  t  e  liitlcreiit   rolls  of   1  iJiu  could 
'     r,.  .»  (  rhti  --d  r  lu-  ih-n  s  t  f ranffe  ^of  the  third  generation^ 

\:   a        [:i    t         .  .  !»t  r;}  1  .  Ivi  r  t    a  i  i;n-^.ne.i  iuni  or  low  contrabt^as 
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ROLL  A 
i    ORIGINAL  NGQATIVE 

D-max  1. 00 
D-mln  0.36 


0.64 


1 


ROLL_B 

ORIGINAL  NiCATIVE 

j  D-inax  1.40 
I    Jj  ir.fn  0.40 

•  £\-u  1.00 


DUPE  rosnxvE 

HIGH  CONTRAST 
.50N.D.+.80N.D, 

V.20 

0.40 

O.BO 

DUPK_  POSIT]'.'' 


1  .O.j 


DUPE  IIBCATIVE 

HIGH  CONTRAST 

.30N.D.+.80N.D.  ' 

1.39 

0.42 
0.97 


DUPE  NEGATIVE 


MFDIUM  CONTRAST 


DUPE  NBKATiVK 


LOW  CON'rBAG 


ERJC 


To  liKirease  the  deiielty  r.^u^j,   t  *  . ^ .  ■      '  '  ^^^t    >t  i 

sVstems  gradient  was  usi-d-  ^^'iK^tr*-  ^-W)^^.  r:  r  Hf.n«lt*^-  i /cur^'  -'-^-^^ 
B  Ceil  within  i:  he  d^uJr-J  t.iH--/   ^-^  '        »  '       -    '^^^^^  .   -  "   -  - 


1  V 


2.8 


> 

o 


4*1 


3.  0 

DENSITY  OF  ORIGINAL 


Figure  1-12.     Systems  Gradient  .80 
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In  Roll  C  the  density  range  wan  too  high  so  the  loir  contract  chart  or 
the  0.80  systems  gradient  was  used.     (Figure  1-12).    In  each  case^ 
each  generation  was  evaluated  and  the  necessary  changes  were  nade  so 
that  the  final  prcMluct  conformed  to  the  desired  density  range* 

CCHPUTATION  OF  THE  PRINTING  INSTRUCTIONS.    Computation  of  the 
printing  Instructions  is  merely  determlnl^  the  neutral  density  value 
to  be  used  during  the  printing  operation.    Once  the  proper  systems 
gradient  (low,  iiiedlum,»  or  high)  lias  he&%  selected,  the  neutral  density 
value  can  bo  d^etermined  in  thu  following  manner:  * 

o    Locate  the  useful  D-nnax  of  the  roil  of  film  to  be  duplicated 
on  the  horizontal  axis  of  the  tone  control  chart* 

o    Locate  the  U-^ln  aioi  pulnt  (the  desired  D-mln  of  the  dupl Irate) , 
usually  0^40  on  th^  vertical  axis. 

o    Locate  the  InterBect Ion  of  , these  two  values  by  tracing  n  vortical 
line  from  the  previously  Jurated  U  ^tarix  pt?lnl  and  a  horizontal  line  ^  rtmn 
the  D-^in  aim  point. 

o    The  intersect  Ion  ^uf  these  two  lines  wHl  fall  on  or  near  otie 
of  the  tone  control  curves.     If  the  point  of  Intersection  falls  on  a 

curve,   the  neutral  density  value  v^hich  was  used  to  prcKJuce  this  curve 
wlil  then  be  nsed  to  print  tlie  iiupllvatt'.     If  t*ii'  point  of  IntersectloM 
lies  betw<^t?ri  two  curves,  intorp.  lau-  to  flxui  the  proper  ncu"^^*'  oen'«lty 
value.     Fnv  example,    if   thi'  ju^lii*^         fnfcrNcrtlcm   IIpr  ^ln^;- third  of  th^ 


'a.     .     L  .  «. 


2 .  Wtv 


4r    When  the  Niagara  is  atapped  and  you  hear  an  .I'.arm,  what  U 

Ijidicsted?  ^ 

i,;  jABF2  n      00;  -  :  v  - 


1 


6.  WlMt  ito  the  warm  up  pi»rlod  for  the  Niagara? 

7.  How  do  you  check  the  threading  before  the  Niagara  la  warned  up? 

\4\uit  in  thif  rannt*  of  the  variable  density  filters  on  the  Niagara? 

V,     W^y        th<T.   a  li'vfc-Hrt  ond  di^-liiy  after  t\vQ  etart  button  Is  pushed 

^*       W*tK*L  Lwv  rf*';ul  i  * -fict- .-i  iiu*:.i  It       f    Ii"  Wsr  ate  to  retain  the  usaxinitim 
aniuunt  of  inteiliKetiice  informatlcFU  when  duplicating? 

.     Wi»dt  i*L».  py  mu:»t  be  caiu?n  In  ilu    prt-pmation  of   totu*  control  charts? 

1<.     Wn.il   i:;   riH!  v!  I .  r^r^;,  .  .   b  .  .         •  .  r^^-i^H  ^^wuiu^t  /nu'      j^yBttm4ti  gradie  nt 

!         iJ.sL   •  a.'  ihri't'  t    .  '      ;  IV    ;vf-»    f   r  h^:     omputatloi:  ol    Cuo  ptiniloft 

I^-     "         r    tiut?  dtftirentii  betwceu  \h     u  i  D-inin  and  actual  D-min- 

.     i^)w   tt-  the  Uc"i;.i  U  .U  ?     n;  i.  tci  ? 
J/.     how  Jl,  yini  Ji'Li-rn*  !      vhlvh  w>t:t         ttnic  control  charts  to  us€f? 

EXERCISt  I  ^ 

r>>)Uvi  ilu'  lulUiwiii^'  piu!>Km?.  using  Figures  1-10,  1-11,  1--11A,  1-12, 
ihr      iH  cUlu  en  1  tmnd  in  the  :iW. 

1       V:  oii^'^tna!  n*>'ativt*  \\c\r,  a  IMuax  uf   i,70  and  a  D-^in  of^.20.  A 
ua.  li^.iU   piH.iLive  lb  rcquiied,   I  rtw  thia  negative,   that  has  a^D^of 
I. /J)  with  a  D-min  ol  .40.     Wliat  dentiity  printing  filter  would  you^use? 

2.     A  dbpiicatc  po3ltive  has  a  D-inax  of  1.96  and  a  D'-inln  of  .40.  If 
a  dupe  negatlvi^  la  needed  with  the  range,  of  the  dupa  i^gative  being  clw 
»ame  as  chat  of  the  dupe  positive^  what  printlxig  filter  irould  b#  used? 
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3;  An  original  negative  hau  a  D-aax  of  2.05  and  a  O-slo  of  .AO. 
If  a  transparency  is  required  having  .lAD  of  1.65  and  a  D-wln  of  .40, 
what  printing  filter  would  be  used? 

4.  An  original  negative  contains  a  P-oiax  of  1.68  and  «  D-min  of 
.19.    A  dupe  positive  is  required  whoneAU  is  l.RO  and  a  D-«in  of  .40, 
What  printing  filter  would  be  uscsd? 

5.  An  original    jgatlve  wlmse  D-mnx  Is  1.70  and  D-mln  is  .24  has 
been  printed  with  a  .80  newtral  density  filter  and  prfpcessed  to  a  syeteras 
gradient  of  .80  (st-e  figure  1-12).    What  Is  the^  D  of  the  reproduction? 

t 

6.  A  ilupe  positive  contains  a  D-iaax  of  1.60  ami  a  D-win  of  .40. 

A  dupe  negative  1b  required  wir^  aAn  of  K45         a  D-min  of  - Whfit 
printing  filter  wuld  be  used? 

ft 

7.  An  original  negative  with  aAO  of  l.50"tw^  a  D-wax  of  2.15.  If 

A  positive  Is  required  from  t  his  negative  and  thp  A  P  of  the  p«*sttlve  is 
to  be  1.20  and  t]v  D-mln  -40,  wh.it  jirMn^  Ing  filter  wbuld  be  u9«l? 

8.  A  dupe  positive  has  a  D-tiMx  "f  2.40^md  a  D-mln  of  .50.     A  dupe 
negative  is  printed  using  a  .20  :it>utrjl  denolC'^t^iUer,  for  a  D-rair.  of 
.40.     The  positive  in  procosBed  to  a  systtws  ^ri^Tent  of   .80.     Wiai  1p 
th.-  D-uuix  of   the  posftlve?,    WUt  i    ih  t  iif  ^  l>  ot    the  poHlLlveV 

> 

9.  A  positive  Is  luade  from  an  original  negative  and  tt^i'  Iji^  of 
htith  am  th-  r/iri*-.     Tf  tho  orl^^J/vH   ivr.nrfvo  had  a  D-roar.  of  and 


Roll   ot   Dunsniv  '^"^ -^^  lil^ 


i.     TXsin  the  Niagara  mair.  pc  -^et  bki  i; 


or. 
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pottltiuii.     CConsiult  the  tiixt  if  ncid^iMfy). 

i.    Plttce  a  eaask  in  che  printing  aperture. 

*  4.    A4ju»t  thi  variable  ui^tral  dcsislty  filter  to  the  0.60 

voriii  ion  nod  poaltto!*  the  i^pacial  f  11  tor  out  of  the  light  path. 

Ac:;.>.^t  the*  ^  :^/que  nootur  *Varlacs"  to  correspond  to  the 
rrt^;t  .»'H   ^l  ThhU'    '         l*L.ncd  D!'  poM^'   m  ot   this  SW, 

h.     Mali,  i^'^ial:.  th;i.    i\ c  \),itiiidi\rc  ruiier  :ontrc.l  lev-?r   is  In 
the  aoriioiiiui  p.^:.  ^ ;  ,  u-^ .  * 

7,     Thread  a  roj  {  of  dimuny  fliir  in  the  negritive  pusiticm  and 
a  roll    in  tht  raw  si  «^rk  pt>rtHl»'ni. 

H.     Depie.-»s  tl.f  j-r^'fc^sure  rol:«M   c:artt'ro\  lever        that  the 

9.     Set  trie  tw,    .^d  tt^-ranci'  pointers  In  the  lAHV  INTKNSITV 

:    ihif  gjTii  a  IJIMP  RFADY  ll^^^t        OH,  adjust  the  LAMP 
ALp..i.bi  "V   .  tac*'  BO  chat  the  LAMP  INTENSITY  Meter  reads  '*0/' 


NOTK 

The  prin^*  /  r  in  be  nptTafi'd  for  (mM'hanlcal  cl^ck  out 
«tnly  bi-i  >re  ciic  H^-uiluuti'  wannup  period  has  elapsed.  To 

4  o'uiil  i;.h  Lb  if,,   preb«  the  IJMP  INTERLOCK  VOID  buttcm 
and  then  the  START  button*     When  tt^  printer  is  operated 
in  thin  m.iiiner,  tbfc»  fifhutfer  d<vs  not  open  and  exposure  . 

nor  u  r .  Th^^  I. AMP  VOID  light  tmiat  tht-n  be  can- 
.cIl'A  by  priff^slng  the  VOID  CANCEL  button,  V*ien  the  8^ 
mlnuie  timt'r  runs  out,   the  LAMP  VOID  light  turns  OFF* 

li.     l)iiprt:;is  the  START  button.    There  is  a  5-second  delay  before 

fi  i   eranrfport  hi  irtt^ . 

ii,  U\  icr  any  reason,  you  wish  to  stop  the  printer  auring  the 
printing  cycle^  press  the  STOP  buttcm. 


It  ct 


li.    Wltfiu  iim  dutuay  £ilA  has  mH^ii  completely  "pointed,"  press  the 
STOP  buccon,    Rethread  the  negative  In  the  SLEW  position  aiMt  rewind  It. 


* 
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14.  Pracclce  the  threading  and  printing  in^ratiima  several  tLme^ 
with  the  white  light  (»•  • 

15.  Turn  off  luin  power*  clean  printer  and  work  area* 


EXiRCISE  III 


EQUimOIT  AND  SUPPLIES  Ba^iia  of,  Isaue 

Niagara  Printer  X/cXasa 

Veraamat  XXCM  proceaaor  X/class 
Roll  of  Duplication  FUm 

Step  Medge  1/claeiB 

Graphing  Implements  Aa  needed 

Senaitoaeter                  ^  1 /class 

Densitmaeter  1/cXafiH 

PROCEDURES 

1.  Prepare  both  the  Niagara  and  the  Vpraauiat  for  operation. 

2.  Certify  the  processor  and  printer. 

J»    ConstirucL  a  machine  Bpced-ganmta  chart  and  a  niach  .^^eed- 
gradient  chart. 

Uhini^  tMi'  two  c  lviris,  pscabllsn  it\e  procesKlnR  Ci-jvl  1 1  ions 


Basla  of  Issue 

I /class 
l/class 
l/class 
l/cldas 
l/class 

PR(X:£DURES 

1.  Read  out  the  negativt^ii.    Determine  the  "Dalta-D"  and  average 

2.  Detenalne  the  proper  tone  cmitrol  chart  to  xiue  ia  order  for 
yuur  dupe  positive  to  have  a  Uelta-D  between  1.00  and  1.20. 

J.     Refer  to  ti>ne  controls  produced  In  the  previous  exercise  to 
det'enaine  the  neutral  dtmslty  required  liir  printing. 

^.    Set  thia  ucuiral  density  into  the  printer  and  thread  the 
negative. 

« 

Print  And  process  your  dupe  positive. 

6.  Cleanup  ami  shutdaim  the  Versamat  and  the  Niagara. 

7.  Clean  the  darkroom  and  return  to  classrooin  for  a  critique 
by  your  instructor. 


imCISE  XV 


EQUIFMEIIT  Mm  SUPPLIER 

igara  Printer 
^eraamat  IICH  Proceaaor 
Roll  of  Aerial  Negatives 
loll  of  Duplicating  Film 
Denbitcmeter 
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AU-omnc  wax;  IMS  conrijajois  pruitimc 

lif.ljiif,  an  ;,P  .oitinuouH  CotiL.iiit  PrlnttJr  and  Veniamaf  IICM 

,  d-..rll»  ,in-    .  ,ui]   ot  i^Lcviousiy  procfsstd  film.  Finlsiwd 
inyaui  t   nu;Ht        frtt.  of  i  lu'juicai  am!  phyauai  defects  and  «ujve  accept- 

IKIHOUIICTION 

ThH  pit'Vluua  ritudy  giildt-  d  i  f;<  luused  huw  the  overall  dca-^lty  of 
.»  roll  Of  ut-rial  lilm  tmild  tn-  imprtm-J  with  the  use  m  tcme  controls 
4inJ  tlu'  NUijrir..  primer,  but,  wh,4r  ubout  Lhe  luU  ut  film  that  has 
varied  dens  idea  througtout?  Tht  SI'  10/70  continuous  printer  has  one 
unique  feature  which  the  Nia^-  .  a  printer  does  not  have.  It  can  auto- 
matical iy  vary  tts  c.^-otuie  ...m  frauw  to  frame  and  within  each  frame 
to  ensure  a  mltorm  I'xposure  thruughout  the  v4iule  roil  of  film. 

SI'  U)/7k)  CUNTiNlUH!S  <:OPJTAC.T  PRINTER 

Tlif  Si'  ]0/7i)  a,  a  *untinuou«  lontaci  printer;  it  prints  fr«B 
rt  loti  ot  vithL-r  positivro  of  negailvt   transparency  onto  any  roll  of 
!inii-i,ufttr  .if  p.iper-UdHf  piit* t ostMiH It  J vo  fiMterial.    The  printer  features 
uui         I.    .  .njtrul  ..1   lU-  .i.-Krt-r  Ml  d.^jging  and  exposure  applied  to  the 
priiiti,,^  nk«ieflal      ,  it  pariaes  t  JirouKh  the  printing  area.     This  feature 
,  t..m».t'n:,.-iti'^,  lof  nom.niionnity  lu  ihi-  c  rannparency .     It  ensures  uniform 
. -MIC  ,   iron  fratn.        framf  and  within  t.u  h  frame,  f.ir  a  given  print 
.T  1.1.  or 

Ut*ner»il  D«-scriptU)n 

Tt,K-  tiV  U)/;0l4/;.rintiT  (3ci-  1  Igun-  ..'-I),  ronnists  of  an  enameled 
.aaintt   upon  whi.Ji  J.-,  muuui ed  a  Lrantiport  .syHtea,  casaette,  and  plwto- 
mujrlpiler  box.     Thu  Interior  ui   tlu-  c.iUiiun  liouses  an  electronic  chaesia, 
.r  ,M.wer  MuppJy  ^tutssis,  a  main  drive  nwitor  and  control  chassia.     It  also  *  ^ 
.ontalrth  a  c«tiu)de  ray  tube,  a  lend  and  bellows,  Junction  box  assenbly, 
uad  tr,.nrtp,.r.  :i.y  r^uppiy  and  taki^up  hp«oIh.     All  cabinet  conponenta  are  ^ 
acct     M  l.  ./Inn  the  access  covers  are  resoved.    Mechanical  aiid  «1bc- 
tronii;  controls,  awltches.  and  asaoriated  indicator  laaps  are  Located 
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Figure  SP  10/701*  Continuoui*  ContHCt  Printer 


*«ov*:«l4;:ttay  OB  the  iwo  cuntroi  pamiH  on  the  front  of  the  cabinet.  A 
V«iif*t»rBoey  viewing  tdWd  4#  «4it  iluah  to  tte  top  of  the^  c^iaet , 

Functtuuaiiy,  U»c  SP  I0/7OB/  printer  incor|>ora64yi  a  trftttBport  sy8te«» 
prlnrtng-llght  source,  ejiposure  l^val  control  circuits,  atttOBatic  dodg^ 
circuits,  Wi  regulated  power  supplies.     It  is  capable  of  hand  ling  oa- 

ti-rittl  fr.Ma  70Bim  to  9,S  inches  (24.1rm)  wide.    The  lens  supplied  wltn 
rh«    SV  iO/70h  Iws  a  tv  solution  capabillcy  oC  repro<kicing  200  lines  per 

mii,  U.e£ei  .     A  tun.  iunva  dc-icrlrtlon  of  chi?  SV  10^708  printer  is  given 
tn  the  para^rupufci  follow. 


Ut-t I  I'd  IK  b«  r  tpclop 

TkANhi'^jH'l  SY^,rr*W.     ilu-  .nnK-tu.^  m   the  transport  systeo  are 
buuwn  in  FU'.uri-  2-2.     The  tranHporf  media nl'4n  h:is  two  modes  of 
opt-ratlon:     KEWm^  ana  PRINTING.     Hif  PRINTING  syste©  operates 
only  when  the  printing  stage  is  In  rJk-  lowered  and  lodked  position. 

U.irinK  ..rlntlr   ,   iht*  il jnNpa ft-n.-y  ..mi  the  printing  material 
are  drawn  turn  thirl  r  rtf*;pec:  Ivl-  buppiy  -.;m»o1h,  di  Iven  right  in  a_ 
hurltontal  plane  through  the  prlnllnH  stage  with  ttelr  etaulsion 
sides  in  Intlxnate  mni...  t,  and  then  dlrt'ct*N4  to  their  respective 
takei'p  spools.     Tuti  t lanaparency  and  prlntini;  materials  are  main- 
^fflneu  In  at.  aimo«t  flat  plane  during  Transport. 

i\>ar  rubber  rojleru  are  located  at  strategic  points  where  ts*ic 
t »        .  i-^'n'  V  and/printniK  pwiLc^ial  «  x,)i  r  1  once  sli-irp  cl*anges  in  41- 
n  .  ti.m.     un  thent  vuUct^,  radial  sUlh  arc  cut  at  A5~degree  angles 
laclnud  toward  the  c-c^ter  ol  .the  rc-ller.     As  n  result  of  differential 
tricfi«pn,  tht  sc  j>i  its  iori  e  the  transparent  y  and  printing  material 
"i..  ti...k  alt.ii^i  the  cenierllne  of  the  rollers,  thereby  ensuring 
.  oi  re.  L  re»iit,irat  i..Mi  of  iM-int.-^  with  reHpeet  to  the  printing  material. 

Ttui  drive  roethanltim  is  located  In  the  printing  area  and  contains 
.    .riv.   roller  ami      drati  roller  (Figure  2-2).     The  drive  roller  is 

.  ..if.i    Hi  th<   takeui)  f,lde  OS   Liu;  n.iln  frame  (r<-  th*-  right  of  the 
prau  luii  apurture)  and  Lhe  diat;  ruUei-  In  loe;.ted  on  the  supply  Side 
ot   it»e  main  frame  (rt,  the  left  ot  the  printing  aperture). 

The  drlvt-  rt^lier  i»  driven  ny  a  1/4  horsepower  variable -speed 
USUI  redu.  lion  pul  icy  system,     liie  ypeed  of  the  mocor  shaft  is 
..Mtiwilud  l.y  ,.djij£.uucni  of  its  dt    input  voltaRe,  derived  from  a 
,n«i^r.eLic  rtinpliiier  in  the  main  drive  motor  control  chassis.  This 
annual  adjustment,  from  5  to  bO  vm  (1.S  to  IS. 3  MPM),   is  made  by 
rotdtlaji  the  I'KiNTiNCl  SPEED  etrntroi,  located  on  the  transport  control 
panni.    Tho  4rive  roller  rotates  in  a  ^lockwise  direction  when  viewed 
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from  the  front  ol  the  printer »  asid  pruvUiesi  for^rd  motion  to  the 
tranaparmcy  and  printing  materLOs.    Vw  drag  roller  coupled  to  a 
mechanical  dlac-type  friction  brake  and  ;aeo  rotates  In  a  clockwise 
direction^  applying  drag  which  maintains  tension  on  thi«  tranf^pnroncy 
imd  printing  materials • 

Two  rubber  rollers  located  on  iho  printing  5tage  arc  positioned 
directly  above  the  drive  and  dra^  rollers  when  the  printing  sta^e  in 
lowered  and  locked-     These  rt>n«'rM  r>.'ri  pres«ure  on  thr  transparency 
and  printing  material  durinn  iM  fnHnK  in«nl«    of  operatl<*n.     ITils  pressute 
Is  sufficient  to  prcivfde  emul  Hlof?--(f»--.mti  1  q  inn  contort,  and 
rollers  to  rotate  with  the  drive   iiu^    ira^  ritUerH.     Tfie  braking  at  tlo« 
of  the  drag  rollers  places  enougli  ten*^lon  on  the  materials  as  thnv  tra- 
verse the  snjali  ^iteel   roU^irs  at   Uh-  print  ^np,  apertnr*-  to  v^iimrr  e.x- 
cellent  printing;  res<?lution  during;  <'>:posiiri  ,     IVu  h  cutitroiled  oxp^'**'jr* 
takes  place  as  a  trawe  passes  iiyer  the  printing  aperture^  whli  h  Is  a 
narrow  silt  positioned  at  righc  angles  to  the  dirertion  of  transport. 

The  printing  platen  Is  a  tree-turning  lurUe  ri^llor  Iocat»f^  on  the 
printing  stage  and  positioned  directly  ahinre  the  println^^  aperlnrr.  'Hils 
roller  presses  againsl  the  non*'mii  I  s  ion  shN*        the  printing  materfal  aad 
assists  in  maintaining  IntijnaLe  curt  act  between  the  emulsion  surfac  es  of 
the  printing  nvUerial  and  t  rnisp.ireney*     Sin**  the  lu<ite  roP«n    i^.  iranf;- 
parent,    light  passing;  through  tfu*  rrHUspariMM  v  arid  the  print  if^>'  mater  isil 
irura  the  .^icanniu^  spot  Is  aU:*iitl«  d  readily  for  view  by  two  pfn^  r    ^» :  t  !p  Her 
tubes , 

Thr-  :-':'r;rM—  •  .  ^.-'^  .r.-.-^t  :':intInK  aprrt.:-*'  by 

:  .  Vv  1  ia:    .  .  <  *  ■  .  '  .  .  •  v .    .  .  i  •/    ;      h  - •   f^i     »,  ;  urn  v,c. 

:  -T  ^  ^        ■  \  V  '/f  ^    \   '    \    '     •    '  •     '  r  .  '  :  *       ■  »■  "  ■    !  :  anr'S ,    cir    {<■    rn  r,f'  1 

^  ^  ^  '       .  -  :    ■.   ■  ,  .      \-    v  .  •  .  t  r  :e  .  \ :    it:  1  e  r  ] . K 

I  ■      .  ,  ;      -  • 

;  ' »r    r  r.t       :        ?  *:  .  ■  r      >:i     -  ^  '  ■  ■ .   '  ■.  '  i  s 

w1sf%  h\t{   "^s  rof«t^»f?  c^Mtnt  «^  rr  ■ '  *^ ^-  ^  y  '0  »  m^tt ^ ]  rjrf^wn  fr^^TTi  t^H' 
supply  spool*     In  attempting  to  r**ratc^  r  loekviiJ*^,    ft  nialntatns  lei.»^ton 
on  the  transparency^  betwei     Mj**  -aippiy  npcuil  .irid  drag  rnllofR, 


SUWlv  SPOOi 


PRlNVfUfO  MATfUfAt 
TAKi  UP  SPOOt- 


1  "n 


\ 


/ 


A.. 


\ 


/; 


PLATEN 


PRfNTlNC 
APll^TUflE 


DRIVC 


rftAAiSPARiNC 
SUPPLY  $P00i, 


TflAMSPAfirNCV 
TAKC  UP  SPOOt 


Figure  2-2*     Tiie  SP  10/70B  and  Its  Transport  Syst 


en 
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The  transpareiraif .  takcKip  torque  mytot  rotates  th«  takeuR  spool  In 
a  counterclockwise  dir«:tlonM   The  torque  of  this  odtor  Is  varied  by 
the  action  of  an  mitotorqu^yresistor  which  smples  the  chaRgii^  diaweter 
of  material  on  t^ye  transparency  supply  spool.    When  the  supply  spool  is 
full,  a  reduced  voltage  Is  f^d  to  t\w  takeup  torqucr^otor.     This  voltage 
is  iner^^aa^d  gradually  by  rotation  of  the  auto  torque  resistor  arw  as  the 
supply  eraptlen  and  the  taktiup  spool  fills.    Conversely^  the  Supply  torque 
motor  rectiivifn  maximum  voltage  uhcn  the  supply  spool  Is  full^_and  n  dimin-- 
Ishlng  voltage  ^9  the  supply  «pool  c»tnpti<'s  and  the  takeup^  jaipooT^  fills* 
During  the  rewind  m^dv  of  opvratl^ni  (printing  stage  raised)^  the  auto- 
tnrque  resistor  function  is  replaced  by  that  of  the  TRANSPARENCY  REWlIf) 
"speed  and  direction  control-     RtnatliiK  tl^i^  cpntrol  counterclockwise 
increases  the  torque  of  thi'  sup4>1y  motc^r  .ind  dccrea?ieu  thi*  tor^jue  of 
the  takeup  motor  thereby  tew ind  1  nv^  tin    transparency  on  the  nupply^  s-^h^uI  • 
Conversely,  rotating  the  r«ntr<;l  elrnkw^sc-  :' net  easefj' the  torque  of  the 
tokeup  uotor  aiKl  decreases  the  torque  of  t^he  Hupply  motor.     Tliit^  p^^rmlts 
the /transfer  of  the  transparency  to  thcvtnWup  •^pool  without  printing. 

During  operatitui,^  cjch  r.po«>l   is  ret.itned  in  pt^sition  by  an  undriven 
spring -^loaded  spools-holder  spindle  which  is  provided  vlth  an  extern.il 
cam-type  restralder.     ThLs  endbl^M:  t^ie  spring  prefisure  €v  be  reiiiov<*d 
while  loading  or  vlnloadi!ng  materials.     The  SF^  10/70B  will  hold  SOO 
feet  (152. 4m)  of  print  material  atui  4(Kt  feet    (l2K9m)  of  t  ramT-irency - 

FRiKi'INC'  LlllHT  SOURCE,     A  lO-fnrh  (Jb.hrei)  dliifneter,  altruui 
cathode  ray  tube  prc^vides  the  prlnr4^R  light   Houree  in  the  hi  tip  printer. 
.The  cathode  ray  tuhe  i^yerat  i4iK  in  tornuncliHi  wit)>  the  projectl^^i  len«? 
produceH  ^       ijajiii^^  f'KptiH-.irt-  wh  1 '  h         j  ji  r  * f''»du^'<  ted  by  .-lir^ivU*'  frcnn 
tlie  d'xiglns  '^^i-   ^'Z.  ^'S'Uj^    S*<^'H^' •  cvMitri')'   ph,  4    .u  1 1  i  p  1  te  r   tube«.     A«r  c;h€^wn 
•  in  Xlu''  biO'  ic    n.  /I       .i>^).'^i.;tA  ?:'>K   s^nuiInK   1m  t  Ui    X-<J  1  rei  t  lot. .  4>r  ar 
rl^}'-"    ri'^'-  *  '  ;  r        -i.'i  r  r,  »  \   a:ui   ♦^rft'.tin^,  Ltiti:-rlal. 

•  ^  ;  "    t      _ ,    J  '  ■  •  .  «. '  I   '  ' :      -k * '  *  oiil  r    i  ♦  ed   b  V  'Ui  X - 

;        -    :        *         :    f^  .—  1      ■     I   >    j»riKlil«  <M!    I  v    f  JK'    LJOt  t>n 

^"^  *'   'I   i  r  ee  -  rvaMi  iIlK- 


^'approximately  lAOO  nweeps  per  sev<''vi.     11^^-    •  *.tun  n^R  rau*  .^R  suff  irlentlv 
high  In  tentts  of  transport  Bpeed  and  '  pot^ir.r    'n  e  1  iminatfv  miy  evide^>cc 
of  scan  lines  in  the  print fi. 


i 


.  AUXOMATIC  atOSaJiy:  LEVEL  COItmOL^    tbk  actual  mo9ure  level  de^e^B 
nirt  onjy  upon  the  speeiS  of  ttie  prtntlhg  ft^uliStdrt  ^lif  llSd  iSpt^^  Ctie 
bInaLluii  of  average  brightness  level  attd  .firanaport  speed.    CottCrol  of 
the  average  cathode  ray  tube  brightness  m  the  transport  direction^ 
(Y-axly>  Is  accomplished  by  an  exposijrrg  level  photiraultlplier  tute  (PHT)« 
T\\Lh  HMT  Ib  tsquipped  with  a  lens  and  aperture  plate  assembly,  shown  In 
t  iif  uiiick  diagram  (FlKure  2--3).  to  rentrlct  the  field  of  view  In  the  X- 
alrii  iioa  lo      I  1/2  inch  (-U8cm)  region  at  the  center  of  the  printing 
ipritui.  .     Tla  .^mui  t  ii>  1  icr  lubf  moasureB  spot  brlahtness  during  a 

pan  in  ciu  1   iii  ciunii;^  line,.   Th*^  aiHHl,t'  currtrnt  outputTis  amplitude 
noiUKuH  '     by  var  t.f  r  {<in,s   in  ir*insmis,sion  density*     The  ripple  component 
i  t  1  cf;i*  v^'U  I  u>;tt  tilts  signal  and  a  varyUig,  negative*  d-c  voltage  is 
ucveiu^fii  and  1 Li^rou^li  Liit;  d-'v  t:oupicd  cathode  1  ollowcr  output 
Jtagu  to  chfc  drid  ni   the  cathode  ray.  tube  and  controls  tte  beam  current 
I  imLiauiHitoly.    This  cont  rol  maintains  a  constant  average  brightness 
wtUch,  Ju-  turn,  priKiuVeti  a  uniform  exposure  over  the  full  length  of 

WiiL'U  Wiv  friUiies  of  the  iran«parency  are  deiise,  the  anode  current  is 
.u^  t  oAtyi'd ,  reducing  cathode  ray  tube  bias  and  increasing  spot  brightness, 
iiuuvcr^i  iy,  when  ihc  !  r^inu  r>  of  the  transparency  are  less  dense^  the  spot 
brii^'jtunc  S3  Is  iecircaiiud.    The  degree  uf  exposure  control  is  adjustable 
by  v.n  ilu  operating  voltage  for  the  phwotomul t Ipller  tube  from  the 

n*7i-^Vi    aK)0--vult  iiuppiy.    An  exposure  level  meter  registers  the  average 
.ta*Kie  i  urreni  and  provider  a  continuous  of  brightness  control  at  the 
print  lii^  ti»Uigo.    Maximum  printing  efficiency  is  4i4>tained  by  causing  the 
cutUoUi-  ray  Lul>*-  lo  reach  peak  brlghtiuiss  while  scanning  the  ^st  dense  « 
^^roup  ♦/!   transpareiK  ie«  within  a  given  roll.     All  transparencies  which 
are  ie.-^r,  deHbe  wij^J  be  correctly  exposed  because  the  brightness  level 
at  tiu'  i^inuhii.jn  will  he  held  subtitantia  lly  constant  by  the  action  of 
ihi   e  xposure  s  ont  rol  negative  leedback  loop.     This  condition  is  achieved 
•  iperaLiimally^  by  adjustment  of  the  END  POINT  control. 

AL        i      DUuuiNu,     LlK'it  ur ig i na t ia^  a t  the  scannin:^  spot  on  the 
*  attu»de  ray  tube,  shown  In  the  block  diagram  (Figure 
pnMii  Uti  ny  ,i  conventional  h  inch  (1^2mm)  focal  length  lens 
.luou^ii  :  r.in.^p.ireiU  y  .nui  printing  material.     A  portion  of  this 

ii^ui,  <JiU»i^'e<i  afiei   it  passeM  tlirou^h  tiki  materials,  is  intercepted 
■^y  a   i()-Jyu-Kie,  .Iiul^^inK  photomu 1 1  Ip i  i er  tube.     This  tube  views  the 
^-ntii*    U-ugth  o:  direction)  ol    tl*^  rathtxie  ray  tube  scan  m  the  printing 
ipeiiuii  auti  LiutriiL\af>  the  Lranbfuits.siiMi  density  oi   the  transparency  con-* 
»inuou»ly  at  all  points  in  the  printing  stage. 
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tFarlaClons  in  denyslty  of  the  transfNirericy  produce  proportional 
variations  in  Incident  Intensity  at  tiie  photonultlpllrar  tube 

and  control  the  ^gnltude  of  curraits  dcnrived  fron  photocat&de 
€9Bisslon.    dense  areas  in  the  transparency  are  represdhted  by  soaller 
currents  and  thin  areas  are  represented  by  larger  currents.    The  actual 
currents  obtained  are  subjected  to  considerable  aspllf Ication  by  action 
of  the  10  dynodes.    The  degree  of  dodging  is  adjudtable  by  varying  the 
voltage  applied  to  the  dynode  voltage  divider  network  frow  the  regulated 
negative  1000-volt  supply.    The  dynode  currents  obtained  are  a-?  arapli- 
fied  by  an  a-c  coupled,  dodging  aapHfier.    Ttw  catht^e  followr  output. 
Btage  provides  a  low-iiq^edance  drive  for  the  a-c  dodgii^  signals- ft*d 
hack  to  the  cathode  ray  tube  grid  and  for  the  di^coupled  expiTsure 
control  voltage,  which  constitutes  the  worklng'Dlas  for  the  cathode 
ray  tube  during  printing.    The  response  of  the  feedback  loop  Is  fast, 
compared  to  the  ^[Rannlng  rate,  and  enables  the  dodging  signals  to 
provide  Instantaneous,  continuous  control  of  cathmie  ray  tube  brightness*^ 
The  scanning  spot  is  brightened  for  dense  transpar.etK:y  areas  and  Is  dlmed 
for  thin  transparency  areas. 

Control  Panel  Description  * 

Most  of  the  controls  on  ttie  SP  10/70B  are  located  on  two  control 
paiiifls  at  tte  front  of  the  machine,  (see  figure  2-4  and  2-5),  or  at  the 

top  of  the  phot  omul  tipjier  box.     The  controls  for  the  operation  of  the 
transport  system  are  grouped  at  the  U'tt  side  of  the  machine  on  the 
TRANSPORT  ""CONTROL  PANEL.     The  controls  for  cxpo^iure  regulation  are 
grouped  on  the  right  ijide  of  the  machine  on  the  ELFJCTRONIC  CONTROL 
PANKL-     The  fiinc-tlons  of  e<irh  control   aro  ^Iven  below: 

VmV^   :;WI7T;h.     lvh*'n   the  power   Fvitch    Is  ijn,    IT^-volt^,    mc  potential 
i.s  :n?^^Me'I   t  ^>  '        «<'.  ?r.  t'-r  f  :  t-.-s;  j  t:r  ,     \^  (  '\   ilu-  ?=;wltrh  ts  off^   iio  p<t>rfer 

T  tM*    fir    '        '  ,    .       ti'    »     it  r. 

*  •v 

v^wiNC;   ^AHi.t:  :>wrrrM      ^:*Mh  sv/ltrL  epet  ites  a^reu  fiafellght  vlevlfije 
•  iMv.    '^   ' rfansp{?i'    -'v^  Wm-   Carle  pr<^\'cl(»s  t  fie  printing  are;i 

:w  th-"  .  T  "it'/^nwienr  i      'n'^v  ^     vi^w-  ;       ff^re  t^uv  /»re  pri^ited, 

I  C  I   ■v^Lt.;.   .      1  -  .-.i.'!'    ;  /  .     Alter   the  printlug 

'  •  :gf     ..  \  v'r-r'M  aH^!   i44v:k'rx:  .^Uh    U     fr.-^die,    this  nwitch  is  preH.sed 

k\\v\   X['  •  '.r^.         .>*-r\rK.    (.r!C    pr  I'i'  lii^/  *  i :  ic^n .      rti.en  the  pririllr*,; 

hJtage  ."i  L'ait>e^\  tiie  machine  biops  prliUiiiK-     (i)':rint';  printlnp.,   th^*  ind  1 - 

PR;:NTING  speed  control.     XUis  control  consistau  of  a  dial  that  Is 
calibrated  In  arbitrary  units  from  one  to  ten.    Transport  s{»^  la  In- 
creased gradually  as  the  dial  is  -stated  in  a  clockwise  direction. 


^-^  


V  tRAMSPAREHCY  R^IND  SPEfi)  AtO  DIRBCTION  COMTROL*    lAiile  the 

TRAl^PAREIICY  REVXID  msS  ^TCH  Is  deprasMd,  this  sifitch  U  roUiCcd 
to  control  che  spei^!  and  direction  of  the  trcnsporeficy  «oticm« 

"^WteTIpN  SWITCH  (with  indicator  lights)  Thle  mritch  op«rate0 
when  the  printing  stage  is  lowered  and  lock^.  When  the  mrltch  is 
set  on  SU  (setup),  the  CRT  is  operating  at  conatant  brlghtneaa  to 

facilitate  centering  the  projection  scan  In  tlw  printing  aperture. 
(The  exposure  level  meter  and  the  Indicator  light  do  not  operate 
at  this^tin  ).    When  the  switch  Ib  set  on  EC  (exposure  control), 
exposure?  is  controlled  from  frame  to  fri«»e,  hut  there  la  no  dodging 
within  a  frame •    This  position  is  uscni  when  dupllcatii%  a  roll  of 
trdnsparoncies  which  has  already  been  dodged  oncei    Redodgit^  would 
produce  an  overly  flat  print.     (The  exposure  level  meter  Is  operR-- 
tlng  at  this  time  but  the  Imilcator  lamp  is  not«) 

When  the  switch  is  set  on  EC  &  D  (exposure  control  and  dodgit^), 
exposure  control  from  f rame- to -frame ^  and  dodging  within  a  frmie,  are 
accomplished.     (The  indicator  light  glows  at  this  time^) 

CAUTION:    Unless  the  function  switch  is  In  the  SU  position,  the  rooms 
light  should  be  off  when  the  machine  is  operating.    Failure  to  turn  the 
lights  off  will  result  in  damage  to  the  mTs. 

X  CENTER  CONTROL.    RotatitiK  tliis  control  shifts  the  projected  scan 
of  the  CRT  In  Cite  X  direction  (lengthwise  in  the  aperture)  wli^uiut  altering 
the  length  ot   the  scan. 

X  A?-1f*Ll  n;i)r:  roNTROL.  Rut  aUuK  thi?'  conlnO  chanRt-s  the  CRT  scan 
len^Hli   i  n  X  d  Ivor  t  ion  . 

Y  <:hNi'j^  ^'^''J'-^n  ,     Ro*"'iMnr.  ^hUx  rox^xrn^   shiftf  the  projrrtrd  Sc  an 
ui   th«'  CKl*  wi^Iti  wi^i:   in  tho  ;iporluri»   (in  tlw  dlrertlon  of  transport  motion) 

witUi  :t  .{  i  ^  or  i  :     '        It'ii^^th         i  ht*  st  ari- 
WARNTNG 

■c  :  iML  /Mif/ii)  mi:  x  am]ujiijj;k  at  Tin-  ch  r  facepiatk 
A         HLVN  \:mvi  inci^k    {/p.  ^  (  M^,    this,  cck^u)  cause 

;^HpSFfir/R  BURNS  ON  THK  ^:H7. 

K*    JSUKE  Li'JVKL  KKTi'>{,     T^ifs  ^noUT,  ialibrac^U  In  m  Sc  ro;unpercH, 
indicates  the  light  Intensity  at  the  printing  apt»rture  during  EC  and 
EC  &  U  functlons*  '  . 

END  POINT  CONTROL*    This  control  adjusts  Uic  autaciatic  exposure 

J  >  ^ 
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ticaniilng  th«*  dfnaeat  tr«uii*pur»."m  lea  »>1  a  ijoli .    Ciocltwi  ^•<- 
cr«»MiM8  %\m  light  Intensity  aret  the  reading  Itsvel  on  thr  ' 
Meter. 

UiSCIlG  CONIUOL.    Uitti  control  atiJuBt         s^cusiLlvity   •  "-f 
dodging  mi.    If  too  much  dodging  1»*  being  obtained,  lower  t    •  " 
HtJOBltivity  by  turning  tlu-  control  ctnintercl  orkwisc. 

HJtPOajKr;  CONTRt)!..    Tias  I'ontroJ  adjusti;  the  sensitivity 
fK|5>irture  c.»airol  PMT.     it    hu  leafU'd  donMity  In  tho  optica:   p,.'  i  1s 
apparent  i"  pi  inLlng  with  re  latively  opaque  r.act'riai r  * 

th>f«  conitui  t"loi;kwtsf  Ln  Im  Ti^fiMe  Hunsitlvliy- 

« 

A/.  ctfastT ieii 

HASKh.    Thi.'  pfiniri    Is  InHtaUcU  m>n-i.i  1 :  y  with  f;rffn      '  •• 
poBitloned  for  printing  9  i/8  In.   (23.8cBi)  trannpareiK  les.     A  'or-.^itr 
,uco.HHv>rlt'£T  art'  uvMl!..l;K-  to  pcn^iit  worklri^  with  ^  '/>'.-1n.-  i   /  ■'■-■^ 
iiiitl  7(to»  nuiterlal.s.     Tiu-ae  acceMHurl«  s  iv»t<8i.st  of  masks,  rol  '  pr-^t-i 
core  adaptero,  fi  ira  apool  adapt  tTH,  .nui  a  +2  Portr.i  ions. 

?;trlpri  of  tranbpvu-inu,  l  ulured  .it:t?tate  art-  satt-sfactorv  f'^r  i^t'^'r 
matt-rial.     H*iwever,  nt^utrnl  density  strips  may  be  ust*d  if  dcsircil  or 
any  ot'iur  material  that  l»aa  an  appar.'nt  density  equal  to  the  .iverar,*- 
density  ol  the  transparency  being  printed.     After  the  masks  luiv  H,  on 
correctly  positioned  in  the  mank  holder,  pieces  of  transparent,  prrs- 
sitre-Benaitlve  tape  nay  be  used  to  socyre  them  in  place.     The  tJiask 
Hijerture  is  a  flat  metal  bar  with  an  elongated  slot  Sin  the  contor  anH 
with  undercut  grooves  along  the  edges  for  supporting  the  mask  materln'. 
A*  ftiss  to  fhe  mask  aperture  is  gained  by  removing  the  small  cr-ver  pi. 
Itnated  betwewi  the  two  control  panels.     The  mask  aperture  Ls  removco 
i  riJTO  the  holder  by  sliding  the  aperture  out  along  the  mounting  track. 
The  aperture  has  an  adjustable  stop  and  a  detent  at  the  far  end  which 
iM>rrectly  posit  to  n»  and  locks  the  aperture  in  place. 

AUAI'TEKS.     AiiaptetH  are  supplied  for  roll  paper  eardhiarc'  oorer, 
.iiat  have  an  inside  diameter  of      1/2  inch  (6.25cm)  or  wood  cores 
Chat  liave  a  2  Inch  (5.1cm)  square  hole.    An  adapter  shaft  fitted  at 
one  end  with,  a  flange  containing  a  .square  plug  accommodates  either 
tvpe  of    jre.     Two  different  threaded  flanges  for  the  o'ther  ^-nd  .t)f 
X\m  ahaft  are  lnterchan);^*'»ble.     Tlw  flange  with  ih»'  2  inch  (S.lcn) 
plug  accowBcdates  the  wood  core.    The  otlier  flange  accotsncdates  tlse 
cardboard  core. 


-  --as 
■  •=1% 
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The  M9V  of  any  upool  vlth  a  cor«  dimctr  pf  1«M  than  2  IncIlM 
(3. lea)  is  not  recoiame tided.    Btcenslve  tension  My  result  if  trans- 
parency atki  printing  materials  are  drawn  onto  takeup  spools  having 

ller  diameter  cores. 


Film  spool  adapters  are  supplied  In  sets  of  4  for  both  trans-'* 
parencv  and  printing  material  supply  and  takeup  spools.    These  adapters 
permit  centering  oC  5  1/4-inch  (133iiibi)  and  7(km  naterlals  In  the  trans- 
port system. 

LENS.    A  +2  Portra  lens  Is  supplied  for  use  In  conjunction  irlth 
the  6-inch  (152wi),  focal  length  projection  let^  when  Installed  in 
the  upper  mountli«  position.    This  reduces  the  projected  scan  optically 
to  the  correct  sise  for  printing  on  70  milliaeter  naterial. 

Initial  Setup  and  Certification 

SETUP.    The  printer  should  be  set  up  in  a  clean,  dry  area,  with 
at  least  4  feet  (1.2  m)  of  working  space  all  around  the  nschine.  The 
area  should  be  remote  from  any  electrical  equipment  which  might  have 
a  strong  Mgnetic  field.    T»ie8e  fieWs  may  have  an  adverse  effect  on 
the  scanning  of  the  transparency  by  the  CRT.    To  prevent  difficulties 
in  the  transport  syst«aii.  the  printer  should  also  be  leveled  by  use  of 
the  screws  at  its  base. 

The  power  cord  is  connected  to  a  113-volt  (-HOX),  60-cycle,  single 
phase  outlet  fused  at  15  araperen.    Make  sure  that  the  main  power  switch 
at  the  front  of  the  machine  is  In  the  ciff  position  before  connecting 
the  power  cord;  otherwise  the  printer  circuit  may  be  damaged.  Because 
it  carries  cxtrcraely  high  v-I  tints  (8-^00  volts,  maximum),  never  operate 
the  printer  without  a  good  electrical  Kruiind  conncrtion.     If  a  3-prong 
power  outlet  is  availabit-.  use  U.     If  tht-  outlet  is  for  a  2-prong  plug, 
a  ground  wire  must  be  conmn  tcJ  ^-etween  the  machine  clwasis  and  a  grounded 
object.  { 

Wh<»'    the  power  cord  Sxua  betm  prop««riy  »:tmiwcted,  turn  on  the  machine 
and  itt     t  warm  u.)  for  at  leart   \0  mlnttr-:.     Whlin  the  machine  is  warming 
up  check  CO  make  sure  that  it  In  equipped  with  the  proper  reels,  and  that 
the  proper  printing  mask  Is  in  the  printing  aperture.    Check  for  proper 
mask  placement  by  first  lowering  and  lorkinp;  the  printing  stage  handle, 
and  then  looking  down  into  the  mx  box  at  the  printing  aperture.    To  nee 
the  aperture,  open  the  porthole  at  the  side  of  the  HIT  box. 

To  adjust  the  printing  mask,  remove  the  mask  holder  from  the  printing 
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rtlHsrtute.    Wlwn  thli.  U  dona,  fut   twu  plecen  ot   ^'refu  .u-.  .  «.  .  tn;,V' 

  MftteriAl.    The  piei  ea  must.bf  wide  enough  so  that  they  f  .t 

A       .     *      in  the  msmk  holdw,  and  long  enough  ao  that  th«y  f  xtinJ  uv.  r 
^:'.Mr-      -         tr«ui«f«raer  ^  1*11©  di^Mm  the  «ask  |»  ?  ^  . 

aXwi  check  to  aee  that  the  X  arapUtude'  ia  adjusted  so  that  tH, 
spot  turoa  around  within  the  inaak  area.    Adjusting  the  X  iotix 
r«aint«<ianc«  function,  and  should  be  done  by  maintenante  pcr^.:r.:i  1 
only. 

CERTIFICATION.    When  the  printer  has  been  set  up  with  the^prrper 
reels  awl^aks,  turn  out  the  roo«  lights  and  thread  the  mac' fnc  w*.tn 
Ita  printing  material  (ewulslon  down).    Then  select  a  roll  trans- 
parencies, with  greater-than-awrage  density,  and  thread  H    nt^  the 
machine  emulsion  tiide  up. 

Now  lower  and  lock  the  printing  stage  handle.    I'urn  the  prxiif  Lr. 
speed  dial  to  ita  "1"  poaltlun.    Rotate  the  end-point  conirc:  untxl 
the  latter  reachea  its  maxijaua  reading  and  then  back  o*^f  frnn  this 
reading  by  10  perct-nt  .    Run  approximately  I  foot  (0.3  m)  of  rran-^- 
parency  through  the  printing  area  and  changt  the  printing  .«,.o.d 
dial  to  its  "2"  position.    After  another  foot  (0.3  m)  of  tranv- 
parency  has  been  printed,  change  the  dial  to  Its  "3"  posltlpii. 
Continue  until  reaching  the*"10"  position.    Raise  the  printing 
atage  handle  to  stop  printing. 

Froci^SH  this  teat  and  look  for  fhe  test  which  Is  slightly  darkt-t 
tlmu  desired  and  run  the  roll  of  transparencies  at  this  speed.  Now^ 
run  aiKither  test  to  find  the  correct  end  point  for  printing.  Rewind 
the  loll  to  its  beginning  and  set  t\w  printing  speed  dial  at  thi-  fipeori 
determined  frcnn  the  last  test.    Start  printing  again,  but  ^^^^ J^J^^ 
instead  of  changing  the  speed  dial,  change  the  end  point.    Each  time 
a  foot  (0.3b)  of  the  transparency  has  passed  over  the  aperture,  rotate, 
the  end  point  dial  In  a  counterclockwise  direction.    Decrease  the  evt 
pulnt  in  graduated  awunts  until  reaching  50  percent  of  the 
reading.    Process  this  teat.    Find  the  best  transparencies  on  the  test 
and  run  the  roll  at  this  point.    The  resulting  strip  of  dry  ^/^^^ 
conalttutes  the  find  calibration  of  the  printer  -nd^«lU  yield       » - 
expuHure  data  to  establish  suitable  postrlons  for  the  PRINTING  SPEF.)  un. 
EM)  POINT  control  knobtt  during  operational  printing. 

OPHRATIOHAL  PRIOTINC.    Rewind  the  transparency  to  the  beginning 
of  the  roll.    Set  the  speed  and  end  point  dlali  at  the  setti.v.H  <!.r.v.v 
fro«  the  two  testa  and  print  the  roll.    The  exposure  level  in«  ier  ^  mu  .! 
remain  fairly  steady.     If  it  drops  by  a  large  amount.  thlH  Indlcati- 
l^t  tranaparencles  denser  than  the  ones  used  to  calibrate  t  u.  macbln. 
are  passing  the  printing  etage.    Slow  down  the  print  speed  dial  and  r--- 
prlot  the  dark  transparencies.    When  the  meter  returns  to  its  original 
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reading,  return  tte  print  speed  dial  to  its  original  position.  Aftor 
the  roll  hoa  been  printed,  it  is  proeesssd  in  the  ssse  fBsoasr  sa  ths 

tests* 


REtriEH  QUESTIONS 

DO  NOT  VRITE  IN  THIS  SV  USE  A  SEPARATE  SHEET  OF  PAm 

X.    What  Is  the  mlnlnun  core  dlsneter  recoRsnnded  for  use  with  the  8P 
10/70B?  Why? 

2.  Can  the  SP'10/70B  be  used  in  a  rooallght  conditlonT  Vh]fT 

3.  The  Y  center  control  »}ves  the  «:an  of  the  OIT  in     


4.  What  is/are  the  caution/cautions  that  pertain  to  X  aoplitude? 

5.  How  do  you  stop  the  SP  10/70B? 

6.  What  is  the  spe»l  range  of  the  SP  10/70B7 

7.  How  can  you  adapt  the  SP  I0/70B  to  acconnodate  70an  materials? 

8.  What  Is  the  resolution  capability  of  the  SP  10/70B? 

9.  What  purpose  do  the  rmlial  silts  Rrrve  in  the  rubber  cov«r«i 
drive  rollers? 

10.    Why  Is  the  platen  made  uf  clear  lu<  Ite? 
\l,     W]wt  i.H  the  light  smirn   in  t»»  SP  in/70B7 

12.     How  nuiny  phuLorauiLipllc  i   Lubi.:^  are  c  jnLaineii  in  the  SP  1Q/70B7 

pka(;tica!<  !-XERCi.si:t- 


EQUIPMiKT  M©  SUPPLIES 


Basis  of  Issue 


SP  10/70B 

Roll  of  Dupe  Positive 
Roll  of  Duplicacii^  Film 
Versamat  IICM  Processor 


1/class 
l/as  ne«l^ 


l/clese 
l/clasa 
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It   Um  dupe  ^itive  prodiie«4>  isi  previmis  Slf»  ^  . 

2«    Follaw  Mtup  procodures  stated  In  Stf  Initial  s^tup  -^r^' 

certlf Icacioa* 

3*    Run  teats  to  aalect  proper  printing  apec^  and  €nd-polnt  stoning. 

Testing  procedures  lure  stated  in  SW  IV-2»  Initial  setup  urtf^ 
certif  liiaticm* 

4r«    Process  test. 

5.  Inspect  test  material  for  contrast,  density,  and  physical  Jcf  -^^  . 

6.  Print  a  duplicate  negative  usisig  printing  speed  and  end-point 
aetting  aelected  from  your  rest*  Ui^e  the  BC  +  D  position  for 
a  fev  frmes  and  then  EC  position.  ^ 

7.  Insp^t  finished  product  for  contraat,  denBity,  and, physical 
and  chaaical  defects. 

4 

EXEKCISE  IX 

EqUU.»i:^5'i  AND  SUPPLIES  Basis  of  Issue 

S?  10/70B  l/class 

Roll  of  dupa  negatives  l/claas 

Roll  of  photographic  paper  2/cla85 

Versamat  IICM  procesaor  I/class 

PROCIDURES 

1.  Use  dupe  negative  produced  in  Exercise  I. 

2.  Follow  sotup  proc4|urea  stated  in  SU  IV-2,  Initial  setup  and 
'certif  l£stlon.  N  •■ 

3.  Run  teats  to  select  proper  printing  speed  and  end-point  setting. 
Testing  proc^ures  are  stated  in  SV  IV-2,  Initial  se*:up  and 
certification. 

Proceas  test. 

S.    Inspect  test  asterial  for  contrast,  d»»8ity,  and  physical  defects. 


8V  C3A»23330  OOl-IV-2 


6.  Print  a  positive  paper  print,  using  printing  speed  and  end-^inC 
(getting  selected  from  your  test.   Uae  che  BC**!)  position  for  1/2 
the  frames  and  then  'iZ  tot  the  remainder. 

7.  Inspect  finished  product  for  contrast*  density,  and  physical  and 

choiical  defects. 


* 
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HMUAL  QHf»£t  mmm 

OBJECTIVE 

Using  Bianual  contact  printers,  laboratory  facilities,  aerial 
negatives  and  printing  naterlals,  produce  black-and-white  prints 
which  are  free  of  exposure  and  processing  defects. 

XMmCDUCTXON 

Using  the  Niagara  printer  and  the  SP  10/70  la  an  excellent  sethod 
ot  printing  copies  of  very  long  rolls  of  flln.    Hoifever,  these  aachines 
would  prove  iiqiractical  11  only  a  few  copies  of  one  or  two  negatives 
were  needed.    Also,  the  time  needed  to  set  up  these  printers  (especially 
the  SP  10/70)  may  prove  to  be  too  long  for  soMe  particular  ■isslon. 
Where  a  smU  nuaber  of  prints  fron  a  few  particular  fraaes  are  needed, 
Bianual  contact  printing  in  the  most  practical  anmier. 

As  with  the  other  machines,  local  control  o^  the  printing  process 
is  necessary  to  compensate  for  poor  negative  quality.    Many  deficiencies 
which  may  exist  In  the  negative  can  be  corrected  in  the  print.  Bflcsnse 
of  this.  It  is  important  to  have  a  working  Itnowled^  of  the  Baterials, 
equipment,  and  procedures  used  in  high  quality  reproduction  wmk. 

INFOfmATION 

PHOTOGRAPHIC  PRINTING 

jThc  formation  of  a  latent  image  on. light  sensitive  material  durli^ 
RkMuial  rontact  printing  is  basically  the  same  as  cmitinuous  contact 
printing.    Light  Is  allowed  to  pass  through  a  negative  to  expose  the 
sensltiz«i  material. 

Principles  of  Contai-t  Printing 

Contact  printing  is  the  method  of  printing  in  which  the  unexposed 
print  material  is  held  in  direct,  close  contact  with  the  negative. 
Figure  1-1  shows  a  simplified  diagram  of  contact  priming. 


.Supersedes  SW  UBR21330,  October  1973 


Figure  ^-1.    Contact  PrintlAg  Scheaacli: 


A  contact  print  is  produced  by  placing  the  negeclve  amtl9ion 
side  up  on  a  transparent  surface  above  a  light  m%xx^£.    Tte  raMitock 
Is  placed  directly  on  top  of  the  negative  with  the  tiio  enulelone  faciqg 
each  other*    The  negative  and  rairatock  are  held  in  tight  contact  by  a 
pressure  platen*    Light  then  passes  thorugh  the  traoaparent  surface  aiid 
negative  exposing  the  rawstock* 

The  most  light  passes  tf^ough  the  least  dense  areas  of  the  negative 
The  least  light  passes  through  the  most  dense  areas*    Betnean  thssl^  tuo 
extremes,  varying  amounts  will  pass.    These  different  aaounts  of  light 
i£trikijig  the  rawstock  form  the  various  tones  in  the  final  IsMige. 

Manual  CunLact  Print  era  ./ 

A  contact  printer  Is  a  light  tight  box  with  an  enclosed  light 
source.    The  box  contains  a  ground  glass  for  diffusii^  light ,  a  clear 
glass  tn  support  thi*  negative,         a  platen  to  hold  the  negative  ami 
rawstock  In  tight  contact  during  exposure.    Some  Air  Force  contact 
printers  are  quite  elaborate  «td  some  are  iiulte  siaple.    S(»e  have, 
an  alr-filled  platen  hag;  others  use  a  vacuua  to  hold  the  negative 
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and  rwHtack  lug^atic'r.    Cutic^ct:  priiic«r»  ccr6  in  many  diffaranc  tlMs* 
Tiolng  can  be  ccmi rolled  ouinuallyft' by  exeenial  clming  dtifiaitt  or  by  a 
lHilIt*-in  t  laer «  dei^andlng  mi  dealgn.  ^  , 

.  OKOCT  9intiirM<»ui>.  Comli  ,t<iutet  p»U— «.  .ttlcUy 

related  to  contact  prthtifig.  HutJiig  ejqio^itd  It  Is  IfiMAti^ 
perfect  coDtect  between  the  negative  and  the  ravntodi.   Aajr  ai^aratlon  * 
of  the  negative  and  rawetocfc  anywhere  ever  die  laege  will  degrade  the 
final  product. 

tack  of  proper  contact  could  be  the  reaulc  of  many  contributing 
factora.    An  improperly  inflat^t  dir-*filled  platen  could  be  the  cauae* 
Foreign  Bate  rial  between  the  tranaparency  and  the  rawatock  could  alao 
cauae  each  problema. 

Figure  1-2  shows  only  part  of  the  problem  created  by^  iaprofier  ^ 
contact  but  an  important  part---diatortlon  of  ttm  Image.    The  result 
of  thifi  reaemblaa  a  very  "fuasy"  out  of  focue  area  on  the  print. 


NEGATIVE 


Figure  1-2,    ContacL'^Prlntlng  Problems  Due  to  I^r  Contact 

Damagnii  tn  either  the  tranaparenqy  or  the  sensitized  material  could 
reBult  from  this  problem*    In  all  high  quality  control  printers  there  is 
some  me^ns  provided  to  create  the  proper  contact.    Wienevei!  the  contact 
Is  inadequate,  the  pressure  system  of  the  printer  should  be  inv^tlgated. 
Do  not  rule  out  any  possibility.    Sometimes  a  clue  to  tt^  trouble  is  a 
particular  area  of  the  print  so  affected.    Look  for  repetiticm  of  tte 
'   problem  on  other  prints  created  by  th^same  printing  equipment. 
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]  Printlt;^  Ma^eriaLu 

As  motioned  tMrlicr«  irontrol  over  the  print  prt^coM  can 
greatly  enhaiKte  tlM  filial  product^^  .J^e  ttethod  of  control  la  thm 
tyf!^  9^  ^*\^%^^  f^f^  TtiCT#.are       taaapo  of  ^PBtgoilii^ 

contrast  diArlng  macwal  {^rocaasii^*  .  Thla  la  done  ttecugti  thm  yaa 
of  gr^ed  cOTtraat  or  variable  jcontraat  paper  a.    RegardlOM  of  tha 
type  used«  the  uae  la  the  aaoie.    Uae  a  low  contraac  grade  of  ptfBT 
(or  a  law  contraat  filter)  vlth  a  negative  of  high  contraat«  '^tlie 
opposite  holds  true  fo/  negativea  of  low  contraat*    Negativaa  vlth 
normal  contrast  are  printed, on  a  normal  grade  of  paper  or  without 
any  filter  on  variable  contraat  paper. 

In  addition  to  knowing  about  i^raded  papera  and  variable  con- 
trast papers^  the  operator  suat  be  aware  of  apecial  papera  uacKl 
only  for  contact  printing t    These  papers  cose  in  all  the  uaual 
>^rades  of  contrast*    Contact  papers  are  normally  aloimr  than 
papers  used  for  projection  printing.    However,  alm:e  moat  contact 
printers  produce  very  bright  light. N^hls  alow  speed  is  aeldooi  a 
disadvantage.    Note*  too.  that  paper  used  for  projection  printing 
i-an  be  used  in  contact  printing  If  illumination  or  expomre  time  ] 
ib  reduced* 

Regardless  of  the  material  beltig  used,  make  Mre  that  the 
proper  safelight  is  used.    Each  package  of  paper  Hats  tim^mami-- 
tacturer's  reconniended  safelight. 

EN--22A,  Manual  Contact  Printer 

The  EN- 22 A  in  one  'of  the  most  commonly  uaed  manual  contact 
printers  in  the  Air  Force.     Because  of  its  widespread  uae  and 
common  operating  principles.  It  has  been  ael acted  for  use  in 

this  cinirse.  < 

(,KNERAl  DESCRIFTION.     The  EN-22A  le  a  self -irontalned  unit 
u^>cd  for  namial  contact  printing^     It  incorporates  spot  dodging 
tocUures.     It  I     tains  a  built-in  variable  contrast  rnl  1  filter 
tor  printing;  varl^ibU-  contrast  paper.     This  prlntcn:  can  accouBBodate 
:H>;atlvc9  up  to  10  X  -20  Inches  (2S.4  x  50.8  cm).     Aerial  roll  film 
^izes  are  printed  with  the  aid  oi  negative  spool  bracketsi  These 
brackets  ari   ootnpUiely  adjustable.     They  will  Mpport  roll  fils 
widths  up  lo  9.5  IsKhas  (24.1  cm)  and  any  l^gth  \xp  to  500  feat 

(152.4  m)  ul   standard  b«ise^fllm. 

V,  ■    '  - 

The -printer  uses  73  Individually  louvered  and  separately 
swict.h.  d  printing  lamps.     The  Icnivers  control  light  spread  and 
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Figure  1-3.    Th.  EH-22A   Sh«,log  Access  to  the  Printing  Lmps 

t?^n  wiui**"*  ""'"'^"l-    ^Isht  Mfellght.  provide  safe  lllumln«- 
tloi.  ImrelB  for  operator  convenience  and  uy  be  turned  on  for  i^!: 
printing  applications.  i»  i«y  oe  curned  on  (or  sost 

Ihe  contract  flUar.  are  contained  within  a  continuous  roll  of 
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acecaCtf.    Th<?  roll  is  divided  Into  segaientb,  each  of  which  pasMS  a 
different  coi«r  light  (comparah^ e  to  the  colors  produced  by  a  set  of 
varial^le-contrast  flUera.)    By  turning  a  crank  on  che  outaide  of  the 
ccmtact  printer,  the  appropriate  acetate  filter  cm  be  placed  batten 
the  light  oounre  and  tke  priatlR||  atir£^e« 

« 

PREOPERATIOHAL  CKBCKSa    As  with  any  piece  of  Air  Force  cquipMntp 
there  are  certain  preoperational  ctecks  that  mist  be  node  If  ttie  prlitter 

Ih  to  produce*  high  quality  results. 

Clean  the  printing  area  before  startii^  other  operatlcmSa  EIIbI-- 
nate  all  dust»  lintt  dirt,  md  other  foreign  oacter  frcm  the  prlntli^ 
area.    When  possible^  use  a  vacuum  cleaner  as  dustli^  will  merely 
cause  the  materiaJ  to  beccme  airborne,  and  it  settles  heck  onto  the 
lurking  area.    Be  sure  the  printer  and  the  rubber  platen  are  clean. 
It  sometimes  beiows  necessary  to  use  a  Ilnt-^free  cloth  aiftf  a  snail 
as|iuunt  oi  alcohol  fur  cleanit^  purposes* 

Check  the  platen  for  the  correct '  inflatloOa     If  the  platen  con- 
tains too  imich  or  too  little  air,  correct  the  situation  as  outlined 
in  TOE8-2-'16--ll .     Improper  platen  inflation,  either  over  or  under, 
can  be  detrimental  to  both  the  printer  and  the  product.     In  the  case 
of  over  inflation,  tou  much  pressure  is  applied  to  the  clear  glass  at 
the  printing  stage.    This  causes  the  glass  to  break  vhich  punctures 
the  negative  and  the  platen.     If  the  platen  le  uiuler inflated t  there 
is  not  enough  presi^iure  to  produce  proper  contact  between  the  negative 
and  the  rawstuck-    This  results  in  furry  corners  on  the  print* 

To  check  the  inflation,  lower  the  printer  lid  until  the  platen 
rests    on  the  glasK.    Then  release  the  printer  handle.    The  platen 
should  hold  the  lid  so  that  the  handle  clamps  are  approximtely  1/2 

Inch  (1.3cm)  above  the  clamping  bar* 

Cininect  t'he  timer  to  the  printer  ami  then  to.  the  proper 
recrpt»!cles.     Place  all  the  printing-light  switches  in  the  ON 
position  and  theck  the  operation  of  all  lights*    Check  the  view* 
linhts  and  the  safelightK  In  the  printer  for  proper  operation. 
Place  the  master  switch  in  the  C^F  position  and  check  the  operation 
i)f  che  pla tcn-ac tu,i tt-d,  pushbutton  switch. 

Set  up  the  trays  fur  processing  in  the  usual  arrangement  used 
t  i»r  manual  print  processing.     Fill  each  tray  to  a  depth  of  2.5  cent!- 
m<'ti»rs  (aboui   i»ni»  Inih)  with  the  proper  solution.  \ 

OPlJ<ATU>N  OK  THE  EN-22A.    After  preparing  the  laboratory  and 
m.skln>;  all  nc*  cssarv  checks*  printing  m^iy  be  atar.ted.    Follow  each 
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tiii^p  carafully  and  conpletely  befarte  going  to  the  next  step. 


2*  "Vti^e  t\»  negative  amilsixm  aide  up^  In  sueh  a  my  that  the 
iaaga  vlll  be  portrayed  vlth  the  beat  cooipcwlticm  pMalblc. 

J.    Judge  the  i  ontraat  of  the  Mgatlve.    If  you  do  not  have  the 
ability  to  judg«>  cuntrastt  atart  out  by  aaaio&lng  that  the  negative 
haa  normal  contraat. 

4.    Decide  i#hat  grade  (contraat)  of  unexpoaed  Mterlal  araat  be 
uaed  (or  what  filter  auat  bm  uaed.) 

Si    1\irn  off  all  white  room  light  a.    Uae  only  correet  aafellghta. 

6.  Cut  a  ahei^'t  of  the  aelected  printing  paper  Into  teat  atrlpa 
approximately  tvo-Inchea  (5  cm)  vide*    If  narroifer  atrlpa  are  auff Iclent 
uae  them.    Thia  ai.vea  aenaitlzed  material. 

7.  Chooat;  t  he  area  of  the  negative  to  be  uaed  (or  expMlng  the 
teat  atripa.    Th«>  area  for  teata  ahould  contain  a  highlight ^  middle 
tonea  and  a  ahadcw. 

NOTE:    Each  teat  atrip  that  I'l  made  ahould  be  made 
of  the  same  part  of  the  negative.    Only  in 
thia  way  can  one  teat  atrip  be  accurately 
compared  with  another  teat  atrip. 

B.    Make  a  aeriea  of^p^t  expoaurea  using  a  ayatematlc  method 
of  exposing »    For  example,  atart  with  two  aeconda  and  dcwble  It 
each  time*    Or*  another  method  la  to  expoae  each  teat  with  an  equal 
amount  of  increaae.    Aa  an  example*  two  aeconda  could  be  added  to 
each  test*    Surh  a  syatem  would  give  expoaurea  2^  4»  6»  8t  lOt  etc» 
seconds*    The  main  thing  ia  to  be  aure  to  bracket  the  correct  ex<" 
potfure;  that  is  to  go  from  underexposure  to  overexpoaure. 

9.    PrcK*i*s»  all  tuBi  strips  simultaneoualy  for  one  minute  and 
JO  at^iOfids  at  UB^V  (20'^C),  uaing  normal  agitation.    Before  processing, 
identify  the  teata  »*arefuJiy.    It  miat  be  known  which  contraat  and 
expositrr  prodiii  ifd  i  hi*  i  ln.il  results.    Teat  atrlps  o^at  be  proceaaed 
wUh  thi*  s»im«*  .tgU.iiiun  and  Ximc  of  development  as  the  final  prlnta. 

H).     lnH{i4  •  I  Liu*  tcHt  Htrips.    Dctermlnt^  the  best  exposure  for 
tt»«!  grado  of  paper  tested  by  obaervlng  uaeful  hlghll^t  areas.  The 
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highlight  «rca»  should  be  slightly  darker  than  the  MHie  peper  with  no 
exposure.    The  highlight  areas  should  contain  detail.    Too  aueh  ex- 
posure is  indicated  wheri  the  highlight  areae  are  such  darker  Uim  un- 
exposed jiaterUl U  the  hlgiillghte  are  not  correet  on       rf  t** 
test  strips,  rtfi  e  nev  series  of  teste  on  the        fttper  it^^^ere 
or  less  exposure  as  indicated. 

11.  When  the  best  exposure  has  been  selected,  detenine  If  the 
correct  contrast  exists.    Do  this  by  exanining  the  shedow  area  of  the 
test  strip  that  has  the  correct  highlight  exposure.    If  the  shadow  area 
of  tills  test  is  too  light,  the  paper  (or  filter)  does  not  here  sufficient 
iontrast.    Either  a  higher-nuabered  graded  paper  or  a  higher-contrast 
filter  Is  needed.    If  the  shadow  is  too  dark,  the  paper  (or  filter)  hae 
too  nucri  Inherent  contrast.    Either  a  lower-mmbered  graded  paper  or  e 
lower-^contrast  filter  is  needed. 

12.  After  the  best  e^tposure  and  contrast  have  been  detensined,  print 

Lhe  crttire  negative. 

Contact  Priming  Controls 

Maii>  aerial  missions  are  flown  under  less  than  ideal  conditions. 
This  results  In  wide  variations  in  density  in  different  areas  of  e 
sii^lt?  negative.    That  is,  the  exposure  In  one  area  is  greeter  or  leee 
than  in  other  areas  of  the  negative.    This  U  often  unavoMable  because 
of  a  wide  variati»m  in  tones  or  reflectance  of  the  subject.    It  eay  be 
due  to  poor  lighting  or  cloud  shadows.    Since  the  objective  le  to  pro- 
duce accurate,  detailed  representations  of  the  subject,  eoee  of  these 
negatives  may  need  special  treatnent. 

If  the  print  is  exposed  long  ernrngh  to  bring  up  highlight  detail, 
the  shadow  detail  is  lost.     If  the  exposure  is  short  enough  to  bring 
up  shadow  dotall,  the  highlights  are  lost.    If  an  exposure  between 
ttiese  twt>  extremes  is  used,  some  detail  is  lost  in  either  the  high- 

UKhts,   the  .shadows,  or  both. 

Corrective  at t ion  is  taken  by  dodging.    Dodging  means  controlling 
the  exposun-  in  Ppccif  ic  areas  of  a  single  point.    This  oeans  giving 
one  area  roor*-  txpostsre  t lian  another  area.     The  techniques  used  in 
dodging  vary  with  tUe  type  of  printing  being  done.     However,  in  con- 
tact printing  with  the  EN-22A  there  are  three  aethods. 

DWG  I  NT.  METHODS.  There  are  three  methods  which  can  he  used  and 
ai  timcij,  murt;  than  one  of  these  methods  may  be  used  in  the  same  print. 

The  most  consBon  ana  easiest  method  of  the  contact-print  dodging 
techniques  is  to  turn  out  Individual  lights  under  parts  of  the  nega- 
tive that  print  too  dark,    this  leaves  tte  lights  burning  «»der  the 
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araa«  of  the  negative  that  have  th&  greatcMt  dcnnity^  ThareCora/ 
ehaa«  uraaa  of  the*  print  tmd  to  get  «crc  uMpiMure.    if  CMrniAg 
the  lights  of f  for  the  ^ntlrA  Mpoauri*  else  Itghtem*  ttw  mmtm  too 

printing  tlae.    Xf  curnins  the  lights  off  for  the  total  printing 
tiae  doea  not  hold  the  light  back  eiough,  those  lavps  aurrounding 
the  thin  areas  of  the  negative  nay  have  to  be  cumed  off  in  aMltlOB 
to  those  directly  below  che  thin  area.  > 

A  second  method  of  dodging  wh^  asking  c<mtact  prints  is  by 
placing  a  translucent  a^iua  between  the  light  scnirce  and  the 
negative.    Material  such  aa'  tissue  paper  can  be  torn  In  the 
approxlaate  shape  and  siae  of  the  thin  area  of  the  n«^tive.  This 
dodging  device  can  be  poaicioned  on  the  diffusing  glass  directly 
under  the  thin  areas  of  the  negative.    The  increased  deiMity  in 
thia  portion  of  the  diffuaer  will  reduce  the  light  which  ia  exposing 
tht:  paper  In  that  area. 

A  third  method  that  nay  be  considered  for  some  negativea  is  to 
place  an  opaque  nedlua  between  the  light  source  and  the  thin  portion 
of  the  negative.    The  procedure  la  che  oemB  aa  that  given  in  the 
previous  paragraph  for  translucent  naterlal.    When  this  nethod  is 
used,  however,  only  the  light  coning  throii^h  froa  an  angle  can  CMSe 
an  exposure  through  the  thin  part  of  the  negative. 

Vftienever  it  is  necessary  to  do  a  large  anount  of  dodging,  ex" 
posure  conpensatlon  nay  be  neceasary  aa  the  total  intensity  of  the 
lllunlnation  is  being  decreased.    Tt^s,  it  is  wise,  wl^ievnr  possible, 
to  establiah  the  dodging  tine  before  naklng  the  ex|N3sura  test  strips. 

Laboratory  Safety. 

Kven  though  safell^ts  are  norma lly  used  during  contact  printing, 
(iafelight  levels  are  far  below  normal  roan  lightlt^.    Therefore,  alimys 
exercise  caution  when  working  in  the  latK>ratory.    The  EII-*22A  and  the 
attached  timer  ate  grounded  differently.    Therefore,  to  avoid  el«:tri- 
cal  Hhuck,  never  tiHich  the  printer  and  the  tiner  at  the  same  ti^. 
Never  use  wet  handti  when  handling  the  printer  or  the  tlsMsr.    Clean  all 
spilled  solutionH  Immediately  in  order  to  avoid  slips  and  falls. 


RKVIKU  iJU EST  IONS 

DO  NUi  WilTE  Ui  THIS  SU-USS  A  SEPARATE  SHEET  (m  PAm. 


t.    Why  iH  cleanliness  so  inportant  In  contact  printing? 
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What  .iii*  itic  re.tr*^mH  fur  i9*ikiii|i  t<  .^t 
3.    How  is  a  a0t  ot  te«t  strips  ramkri 

V 

4«    If  a  sprint  /Is  tiM  darfi/  Imf  em  it  te  corfcctcdlT 

3.    Miat  is  the  functim  of  tbe  piatmi  ia  a  contact  priiiterT 

6.    How  are  the  negative  and  ravatock  eB»ilsions  related  in 

their  posltims  fc^  contact  printing? 

7*    What  might  result  if  the  plat€»i  is  overinfXated  on  the 
EH-22A? 

8.    What  are  the  two  neans  of  controlling  contrast  during 
manual  printing? 

9«    Where  are  the  contact  filters  located  on  the  ER^ZlAT 

lU*    What  musL  be  accomplished  if  projection  print  material 
is  used  in  a  manual  contact  printer? 


PRACTICAL  £XEKCIS£S 


'EQUIFMENX  AND  SUPPLIES 


EN-22A  Ccmtac  L  Printer 

Printer  Timtr 

(Uinlimsuus  Ti  rner 

itiermometer 

L.iboratpry  Facilities 

Vt  tnt  Washer 

Print  Dryer 

Aerial  NeK.ativc5i 

V  triable  Contrast  Paper 


EXERCISE  1 


Basis  of  Issue 

1 /student 
l/atttdent 

3/class 

1/c  lass 

1/class 

1/c lass 

1/clasn 

As  needed 

ZO  sh/stuUent 


PROCEDURES 

I*    Make  Hurv  that  electrical  equipment  is  furnished  with  grounding 

attacbnents  and  that  all  are  properly  grounded* 
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4     *  ^ 


^  *  ■•  ■     '  '  .     '  ^     .............  ^  - ^ 

yvv 

2.    Ke«p  alectrlcai  e4.ulpB«iic  amy  fr<«  i«ec  sink  AtMC.  Oo 
not  handle  any  electrical  equlinent  (prints,  cloer,  etc.) 
tmAu,    Also,  do  not  hsoitle  bodi  the  fHrteer  «m  ch«  timu 
'    at  ^m  »mm  t  ksm*  • 

).    Obtain  ch«  neceaaary  proceasing  ebsvicala  froB  dm  six. 
Uae  APD  125  (D-72)  diluted  1:2. 

4.  Check  the  printer  platen  and  glasa  for  cXeanllnMa.  Both 

may  be  cleaned  if  necessary. 

5.  Check  the  printer  as  follows: 

a.  Connect  che  cord  to  an  electrical  outlet,  Curn  all 
Imp  swlcches  on  and  replace  any  burned  out  iMps. 

b.  C\u^k  the  platen  for  proper  inflacion. 

CAUTION:     If  tKe  platen  appears  to  be  overinf lated,  00  MOT 
clamp  the  printer  handle  doM.    The  pressure  of  «a 
over  inflated  platen  n^y  break  the  printer  glass* 
the  ground  glass  and  sons  of  the  Is^.  Nereevec,. 
the  broken  glass  may  puncture  the  rubber  platen. 

c.  Check  the  printing  glass  to  see  thst  it  is  seeted 
properly.    If  It  is  cocked  up  on  one 'corner  or  edge,  even  nsmal 
preaaure  nay  break  it. 

d.  Turn  un  the  safellghts  ai4  ch«K:k  for  proper  filter 
installation. 

e.  Turn  out  che  overhead  lights  and  check  to  see  that  the 
printing  lights  operate  properly  when  the  printer  lid  is  clapped 
dm^n.    The  overhead  lights  nay  be  turned  on  i^sin. 

f.  '  if  roll  film  la  used,  adjust  the  roll  fila  brackets 

lo  ctiii  proprr  film  width. 


b,     ^»«•U•(-t  a  ni'gati\«  of  aver  age  contrast  and  density.  &rush 
dutic  .ind  line  frum  the  negative  using  a  negative  brush.    Clean  the 
nfgdtt.ve  only  If  necessary  and  then  very  carefully.    Fils  milsions 
<tre  easily  scratched  and  earred.    If  the  negative  needs  deanii^, 
uMtf  .licohol  and  cotton. 

Rt.'cltc!ck  the -printer  glass  for  cleanliness.    Then  position 
the  negative  approxlaetely  In  the  center  of  the  glass  sod  secure  it 
by  the  corners  with  snail  pi^es  of  tape. 

/  CAUTION:    Handle  negatives  by  che  e4ges  only. 
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The  followlnn  steps  auat  l»  accdHfUshad  undir  milUble 
safe lights.    Read  through  the  entire  procedure  and  have  th«  attpa 
well  In  alirf  before  turnlns  out  the  white  Ughta. 

CiOJTtOlfs    tb  awtt  fem^ifig  tmewr^  pr4ii«*i«  **^I^^S? 

turning  out  the  white  llghta  in  the  Ub»  W»  "»» 
turn  on  the  printing  or  white  llghta  in  th*  prlater 
unleas  the  platen  la  lowered. 

8.  Cut  a  sheet  of  variable  contrast  paper  Into  test  strips. 
Use  a  #2  filter  or  white  light  to  make  a  series  of  test  expo«ires. 

CAUTION-.    Use  extrene  caution  when  using  the  paper  trlflMr. 
NEVB(  place  the  fingers  in  the  cutting  area. 
ALU4YS  leave  the  cutting  blade  In  the  lowered 

^  '        -position  after  using  the  trlaner. 

9.  After  exposing  the  strips,  procesti  them  all  at  once,  wUh 
constant  agitation  for  90  seconds.    Rinse  then  and  place  thea  in 

the  fixer  tray. 

10.    Inspect  the  strips' for  a  suitable  exposure.    An  acceptable 
set  of  strips  consists  of  strips  ranging  frost  too  light  to  coo  4arfc. 
Be  aware  that  prints  tend  to  appear  slightly  darker  under  aafellghts 
than  under  white  light. 

11  In  consultation  with  the  inntructor,  detemlne  the  exposure 
time  which  will  produce  the  best  possible  print  with  this  fiifg'^ 
Save  this  test  strip  to  c  cpare  it  with  the  final  print.    Throw  the 

rtimainlng  strips  away. 

12  Select  a  sheet  of  variable  contrast  paper.    Using  a  soft 
Uad  pencil  and  slight  pressure,  record  the  re<iulred  Information 
on  tic-  back.    For  example:     Name,  filter  used  and  exposure  tl«e. 

U.     Expose  the  print  for  the  correct  number  of  seconds  and 
ss  it  carefully.    Compare  the  density  of  the  print  to  the 
strip.    With  the  instrut  tor's  aid.  determine  If  an  acceptable 


process 
test 


density  has  been  achieved.     If  not.  repent  the  process  until  an 

.jtccpuble  print  la  produced. 

|  '«.    Determine  If  the  contrast  1h  twrrect.     If  not,  change 
the  t  litratliwi  and  repeat  the  procesn. 

15.  Return  all  unexpoi»d  paper  to  its  box.     Insure  that  the 
paper  boxes  are  tightly  closed-  then  turn  on  the  normal  room 
lights. 

16.  At  the  dlr«:tlon  of  the  Instructor,  carry  the  prints  to 

the  finishing  room  for  washing. and  drying.    Clean  the  lab.. 
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copYitiG  'Wisiiq^ 

OftJKTXVS 

Civen  nosalcs,  copy  equlpnoit,  processing  ami  prlntiiig  facU* 
Itles,  pro^pre  acaled  reproducdcms  of  the  aoaalcs.    The  slse  of 
the  reproduction  must  be  within  ^5%  of  the  desired  size. 

UiTttiDUCTION 

f'^"    Afttfr  paper  prints  are  nade  <m  Che  Mi^ara  or  mveral  coo'^ 
>Hecuclve  negatives  are  printed  on  the  EII-22A,  vhat  happeaa  to 
thMB?    Often  they  .«re  used  as  they  are  as  siqgle  prints.  They 
are  upLlced  together  to  fom  one  large  photograph.    Ttese  <re 
called  Mosaics  and  can  be  umed  to  show  a  large  area  of  land  In 
une  photograph.    They  can  also  be  us^  to  make  «apa  and  otbar 
chartti. 

tlowever,  thet>c'  nosaics  are  very  bulky.    Also,  producing  a 
iBot}sic  can  be  very  tine  consumliig,  particularly  if  several  copies 
of  une  missitm  arc  needed.    Therefore,  once  a  Msaic  la  aadOt  it 
can  be  copied  and  many  copies  can  be  nade  quickly  and  easily.  The 
moaalc  is  often  copied  to  a  reduced  scale  for  ease  of  handling. 
Theae  prints  nay  be  used  in  the  preparation  of  nav  aapa  and  flight 
charts. 

INFOiHATIOli 

Once  the  mii*Hlon  t  iln  has  been  process«l  and  printed,  a  sMaic 
it,  produced.    VAiile  it  is  not  the  purpoac  of  this  career  field  to 
ptoduce  the  nusalcu,  a  very  brief  discussioo  of  their  production 
will  did  in  u nd erHt and ing  the  inportai^e  of  copying  techniques. 

MOSAICS 

Muttttii-  I'rudut  riuii 

IREPAJUTION  OF  AN  INDEX.    The  first  step  to  be  taken  ifliaii  a 
musMli   is  tt'  be  sktde  In  the  presentation  of  a  plu»to  ^dex.  (Sse 
figure  2-1.)    A  photo  index  is  a  rough  assasbly  of  aerial  prints 
made  frun  the  negatives  exposed  on  a  reconnaissance  or  nappii^ 
mission.    A«>  noon  uu  the  nisslon  haa  been  floMi,  the  filn  is  pro- 
cessed and  u  Het  uf  acceptable  prints  are  aade.    These  prints  are 
then  asaaBbli'd  In  se<^eiu:e  by  the  use  of  staples.    This  assMlbly 


tihowti : 

1.  Whether  the  deslifed  area  han  been  adequately  photograpbed . 
IhU  l»  vlM  -cwer^,'*    U  the  coverage      iitc«pl«te  illlg  $• 
vlth  Krtpa,  lallcil  "holldiiya."  between  fUnht  atrtpi),  it  mf 

«  vH«ry  to  n-riy  tin*  alMKlon. 

2.  The  percentage  of  overlap  and  aldelap. 

3.  Which  print,  laying  near  the  center  of  the  atrip,  will  be 

selected  as  the  master  print. 

4.  Roughly  the  overall  size  of  the  taoaaic  to  be 

This  Is  helpful  In  determining  the  size  of  the  aountlng  board 

to  be  used.  ; 

The  Index  Is  prepared  by  reawvlng  the  black  borders  froa  the 
prints.    The  ptlntH  are  ussenbled  by  laatching  the  detail  In  the 
center  portions  of  the  overUpping  print  areaa  and  fastening  then 
together  with  staples.     It  la  Important  that  the  central  detail 
portions  be  matched;  however  matching  detail  in  the  border  areaa 
is  not  important  as  they  seldom  match  anyway.    Figure  2-1  Ulue- 
trates  how  an  index  looks. 


1 

I 

"I 
I 

-u. 


-J 


Figure  2-*l.    A  Photo  Index 
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PrUdnitt  nsgatlves  for  Ricmalc  ASMnbly  la  tMcb  ttm  mm  ma 
nafcing  prince  for  ocitttr  (mrpoetf«.    Th«re  is  a  <iiff«r«ficc  la 
w«y  ebe  pciAC«i  «re  procesaad        4rM,  lie«ev«f •    ftitttft        auto  • 
dh  sittgX 6  weight  glossy  paper— not  on  Mice r  proof  paper.  Unifon 

jne  and  density  are  vitally  Imporunt  If  the  mooaic  is  not  to 
have  m  unpleasant  patchy  or  checkerboard  Appearaiiee.    Tlie  aelHeve" 
«e<it  of  this  quality  takes  a  little  more  care  than  is  nocMUy  used 
In  ■anual  printing  and  processing. 

COPYING  MOSAICS  TO  SCALE.    Th*;  coapXeted  mosaic  Is  of  little 
value  unless  reproductions  of  it  can  be  made.    Usually  the  Bosalc 
is  copied  on  a  24  X  30  inch  (61  X  76  c«)  n^aclve  for  use  in  naklng 
contact  prints  and  on  an  8  X  10  inch  (200  X  250  mm)  native  for 
projection  printing. 

To  compute  the  percentage  scale  of  the  copy  or  the  resulting 
tflEe  from  a  given  perc»itage,  use  the  percsnt^e  calculator  supplied 
with  the  camera.    This  calculator  is  very  slsple  to  oposte.  Sat 
the  desired  slxe  of  the  copy  opposite  the  original  sise  and  read 
the  percentage  of  the  original  sise  directly. 

If  a  percentage  calculator  is  not  available,  the  diaMasions 
can  still  be  calculated.    To  find  the  desired  diaoialoos  £ro«  a 
given  percentage,  multiply  each  dimension  by  the  percentage.  Thus, 
a  50%  reduction  of  a  photograph  of  8  units  by  10  units  uould  bo  4 
units  by  5  units.    That  is:    .50  (8  units)  -  4  units;  sad  .50  (10 
units)  -  5  units,    gy  the  same  issthod.  a  300Z  enlargOBsat  of  a 
photograph  of  8  units  by  10  units  would  be  24  units  by  30  units. 
A  lOOX  rsproductiun  means  that  the  copy  is  exactly  the  amm  slse 
as  the  original.    A  lOOZ  reproduction  Is  also  dalled  a  1:1  re- 
pro-j'sction. 

COPY  PRINCIPLES 

Fundamentally  uf  Copying 

Copy  work  can  be  done  iidth  many  types  of  ground  cameras. 
However,  copying  differs  from  conventional  ground  photography  in 
two  rifspects:     (I)  the  subject  to  be  copied  is  in  one  plane.  I.e., 
It  has  only  two  dimensions,  length  and  width  and  (2)  the  scale  is* 
u'-udlly  much  larger -very  of  ten  1:1  or  larger.    Because  of  these 
special  dif  terem  t's,  upoc  Ulized  cameras  have  beer  produced  for 
»-opy  work. 

CMARACTWISTICS  OF  A  COPY  CAMERA.    The  fact  that  the  subject 
La  on  one  place  eliminates  any  depth  of  field  problem.    This  does 
not,  liowevar ,  decrease  the  Importance  of  critical  focuaii^.  Because 
the  subject  to  be  copied  is  on  one  plane,  copy  cameras  use  a  special 
typo  anastigmatic  lens.    This  lei^s  is  highly  corrected  for  a  flat 
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field  and  has  very  high  resolving  power.    It  is  known  a«  «  proeets 
anastlgaat  or  process  JUens.    Also,  l«tses  used  for  cop]fiag  colAT 
subjects  should  be  corrected  for  chrooMtk;  akerration.    k  1mm  of 
thl«^  typB  im  am:  ajwctgaaatte  Im^ 

Because  of  the  short  distance  froa  the  subject  to  the  fite 
plane;  copy  caaeras  usually  have  ground  glass  focusing.  Vlsvflnder 
focusing  seldos  has  enough  parallax  correction  to  coapensACe  for  the 
distance  between  the  viewfinder  and  the  f  Hb  plane.    Also,  siwe  a 

specific  size  is  usually  desired  in  the  copy  negative,  the  use  of 
the  ground  glass  makes  the  ircasuring  of  the  iaage  sl^e  Bim^let, 
Finally,  any  flare  from  the  lighting  is  r.eadily  seen  on  the  grouni 
glass  and  can  be  eliainated. 

* 

Cameras  specialized  for  copying  are  designed  with  a  long 
bellows  extension.    This  long  bello«#s  allows  for  the  production 
of  1:1  copies  or  even  larger.    Most  of  these  also  luve  both  front 
and  back  ftjcuslng.    These  capabilities  give  increased  control  over 
the  image  size  of  the  reproduction. 

COPY  lie  WITH  NONSPGCIALIZE])  CAMERAS.    Copying  can  be  done  with 
ordinary  ground  cameras.    Hc>wever,  special  precautions  oust  be  takm. 
The  best  results  will  be  jnroduced  with  a  caaera  designed  strictly  for 

copying. 

One  of  the  simpler  methods  of  copying  Is  to  use  a  view  or  press- 
type  camera  mounted  on  a  tripod,  with  the  subject  held  by  a  copy  bosrd 
or  easel  placed  in  front  of  the  caaera.    In  such  cases,  tiM  csmts 
should  be  mounted  firmly  on  the  tripod.    In  an  eaergency,  one  can 
even  tape  the  subject  to  a  wall.    The  lights  normally  used  with  this 
setup  are  photoflood  lamps  and  reflactors,  which  are  mounted  on  stands. 
Diffusers  are  provided  for  the  reflectors  to  obtain  even  illuBinstlon. 

When  copyl4|g  wltlj  a  ground  camera,  loake  sure  that  the  grourai  glass 
is  parallel  to  the  subject  being  copied  In  order  to  avoid  distortion. 
It  is  important  l<>  have  the  lens  board  parallel  to  both  the  ground 
glass  and  the  easel.    Place  the  camera  squarely  in  front  of  the  subject 
with  the  horizontal  swing,  vertical  tilt,  and  rtsing-and-f ailing  front 
in  neutral  positions.    Vfhen  usiiig  a  tripod,  be  sure  that  the  legs  are 
extended  evenly  to  jjrevcnt  any  tilting. 

Lighting  for  Coi^ying 

After  ihv  camt-ra  tias  been  selected,  you  DRist  consider  proper^ 
lighting.    There  arc  two  important  things  to  reraonber  about  lighting 
for  copying.     The  first  is  to  maintain  an  even  illumination  over  the 
entire  suff.ice  of  the  subject.    This  prevents  Iwt  spots  (areas  of 
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overexposure)  from  appearing  on  the  copy  negative • 

The  second  Is  to  place  the  lights  in  such  a  way  chat  sur^ce 
roflactlons  do  not  blot  out  detail.  aneoth,  gloaay  surfaced, 

Che  lights  provide  the  best  lllusinatioii  when  placed  at  a  45  degree 
angle  to  the  subject  (See  Figure  2-2.)    The  ligbtiog  angle  ehoold  be 
Increased  to  about  75  degrees  to  the  subject  for  rough  sorfeesA  sobr 
Jects.    The  greater  angle  will  prevent  the  texture  froa  castli« 
shadows  across  the  subject.  ' 


Figure  2-2.    Positioning  Lights  for  Copying 


After  positioning  the  lights  to  the  desired  angle,  always 
check  the  ground  glass  fee  unwanted  reflections  and  uneven  density. 
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Reposition  tbt  lightu  as  mcesnary  to  Achieve  even  UlusilfMitlcm 


Bcnince  lighting  is  s\metim^9  uned  In  copjfif^^  wtimi  Che  llglK: 
ifitenfrity  is  too  high.    The  llpht»  «af  Jbe  pMitloMrf  «o  ^t|€te 
light  boufK:e9  off  the  ceiliilg  or  a  wall«    Hoipvar,  even  IXltfiiMitlon 
is  difficult  to  attain  and  contrast  is  very  lew  vith  bounce  llghtii^. 
If  the  light  intensity  is  too  high,  it  is  b«.£ter  to  use  a  aratral 
density  filter  over  the  caaera.  lens. 

Kilters  f  .  '  » 

Sometimes  thu  use  of  a  filter  can  greatly  improve  the  results 
during  copying.    Blueprints,  colored  line  drawings^  faded  photo^ 
graphs  I  and  photographs  with  transparent  stains  laay  be  greatly 
improved  if  copied  through  appropriate  filters. 

A  filter  will  eransinit  its         color  and  absorb  all  others. 
Because  of  this  c  tvirac  terist  Ic ,  many  flaws  in  the  copy  subject 
r.tn  be  rormted.     This  characteristic  is  also  isportant  in  pre- 
dicting the  rc«)uU.s  that  can  be  obtairad  with  any  particular  filter. 

STAIN  RQIOVAL.    On  iKcaslun*  the  subject  to  be  copied  will 
contain  a  stain.    This  is  caused  by  aging*  spilled  solutions  or 
soffle  other  accident*    Wlicn  this  occurs*  the  stain  needs  to  be 
removed*  If  possible.     If  the  image  can  be  seen  thrcnigh  the 
stain*  the  corr;ect  filter  %dLll  reduce  or  eliminate  the  stain* 
If  the  stain  Is  opaque*  fil juration  will  not  reaove  the  stain. 

To  remove  the  stain*  use  a  filter  with  the  saae  color  as  the 
stain*    With  this  filter*  onlyVhe  light  that  is  the  s»e  color  as 
the  stain  will  rrach  the  filin.  NThe  film  will  record  the  8i|bject 

while  ellniin«iting  the  stain. 

TONK  FNHANt:EMENT.     Subjects  with  poorly  saturated  colors.  Such 
.\  ^  bhieprlnts,  can  be  improved  with  filters.     To  enhance  a  color* 
do  just   the  opposite  of  stain  rtnnovnl.     Instead  of  uBing  a  filter 
of   the  sane  color,  use  a  filter  of  OPPOSITE  color.     The  filter  will 
ihso^h  the  rolor  to  be  enhanced-     This  causes  the  film  to  record 
:  Mi-  coh^r  as  black,  thus  glvitiy;  It  more  Inherent  contrast. 

In  most  Air  Force  copy  laboratories,  a  Type  C--1  filter  l»et 
I  uHtil.  This  filter  sot  contains  eight  filters.  These  Include 
A  ^^6  (KI),  !inht  yellow  filter,  a  t^H  (K2).  medium  yellow  filter 
.ind  •Mi  (Xn»  Vi'l  low^^reen  flltrr;  It  also  contains  a  #15*<Jt 
deep  yi  l  low  flUcft  a  25-At  medium  red  filter^  a  29-Ft  deep  red 
filter,  .1  deer  grn  fi  filter  and  a  150  deep  blue  filter. 
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Wiieii  «ulei  tl.iH  .i  1  Hut.  iry  to  |irevl«u«life  ehe  desised  reaulttf. 
In  pr.Hl..ti^»,„.  (H»  r..«„it„       th*vii,wil  irrUt,  vlfusUy  ttm 
MO^M'i  ^imkH^  of  ^ffumit  ftttcrs.    fl^,  oiitM  «  ease  «KMurM 

through  t\m  f  lJicr  chat  l«.  been,  .elected.  WP^M 

IPOWRIzfiC  FILTas.    PolarHlng  acreena  do  three  useful  thlQga. 
^ey  darken  a  blue  aky.  penetrate  hase,  and  resove  or  reduce  reflec- 
tions fron  nonnetaUic  Mirfacea.    The  last  itea  is  the  one  aost  la- 
portant  in  copy  work. 

To  iinderatand  how  polarizing  acr^ens  work,  recall  a  few  things 
about  the  nature  of  light.    Light  rays  travel  in  straight  lines. 
^Itltll     Jll^  directions  perpendicular  to  their  direction 

in  IT      1^      lighd  ray  hits  a  nooMtallic  aurface,  the  vibretion 
n.T.ll  r  "''T''"*^  1»  reflected  completely.    (AIX  vibrations  aJe^ 
fleeted  from  a  bare  metallic  surface.)    Depending  upon  the  ai«le  at 
which  one  views  the  light  reflected  fro.  an  object.  vibratioM>4fi 
other  planeH  are  reduced  or  elialnated.    This  reflected  lighf^ 
vibrating  in  onlpr  one  direction-la  caUed  "polarited  light."  (See 


UMTMf 


Figure  2-3.     Polarization  of  Light 


Whether  «r  not  «  polarizing  screen  will  have  any  effect  on 
polarized  light  dtpends  on  the  position  of  the  screen.     If  the 
•creen  paa.ea  pol  .rlzed  light,  .^o  eftect  wUl  happen.     (See  Figure 
r,  :  "  the  screen  is  rotated  90  degrees,  polarized 

Ilfiht  ran  be  eliminated.  *«*«wi 
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Figure  How  Rotation  of  a  Polarising  Screen  Affects 

Polarized  Light 


Polarising  scrcenls  darken  a  blue  sky  9iiK:e  the  light  rays  are 
pillar Ized  when  they  refrect  off  of  dust  and  nolsture  particles  In 
the  air.    This  Is  also  how  a  polarizing  scre«i  can  penetrate  hsss. 
However,  In  copy  work,  the  reduction  of  reflections  fro*  the  copy 
subject  or  the. copy  board  on  the  camera  is  the  most  usaful  property 


A  polarizing  screen,  like  a 
"all  colors  of  light.  Therefore, 
with  color  rawstock  tnaterlals. 


neutral  density  flltert  trannits 
a  polarizing  screen  can  be  used 


riLTER  FACTORS.    When  using  a  filter,  note  that  a  filter 
factor  roust  hp  applied  when  computing  an  exposure-     Since  filters 
.fbsorb  light,  the  amount  of  exposure  given  with  a  fl  ter  flmst  be 
greater  than  the  i  xposurc  given  without  a  filter.     Exposure  ad* 
)a»t3nent  depip.d^^  on  the  filter's  density,  the  film's  color  senal- 
livltv.  Che  lolur  of  illumination  and  reflective  properties  of  the 
subject.     With  rhf  .short  latitude  of  some  copy  filaa,  failir^  to 
npply  1  fllti^r  factor  produces  poor  or  unacceptable  remits. 

'  l.very  t  1 1  t*n  wllJ  h.ive  o  givcMi  filter  factor  for  each.fllai 
.Hid  J  Lghc  s»Kircc  <  iHnbin  it  i<^n*     Thlfi  factor  can  be  obtained  froa 
the  tl.ita  slwi't  packed  with  the  film  or  from  the  data  packed  with 
newfllirr  si-t.    Thorr  are  three  ways  to  apply  filter  factors* 


.  ERIC 
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One  way  U  la  aivia*:  itm  Imtur^^lnco  the  film  d^teed  (ASA)  and 
wt  clw  aiipoattrir"iBeew  for  chid  imw  value.'    Thus*  if  the  flldi  speed 
warn  MA  499  and  ehe  filccir  faeceir  fa^,  €te  mtp^mtfrn'mttx  «B«ld 
set  CO  ^00.    (400  divided  by  4  la  100.)   Oaee  cha  oater  is  set,  it 
.la  used  4n  che  ncHrouil  aaiiii«r. 

Another  way  to  allow  for  che. filter  faqtor  la  to  change  the 
f/acbp  to  conpansace  for  the  factor.    The  asoiuit  <d  f/stop  chn^a 
can  uaually  be  ^ound  in  che  film  data  sheet.    This  chart  la  a  good 
example. 

Filter  Factor  2  4  8  . 

Ineraaae  f/stop  by  I  2  3 

The  third  way  to  coispensace  for  che  filter  factor  la  to 
multiply  the  expat>ure  time  by  che  factor.    For  examples    A  baaic 
expoaure  without  a  filter  might  be  1/500  second  aC  f/16.    A  filter 
with  a  factor  of  four  Is  Installed.    The  new  expoaure  would  be: 

1/500  X  4/1  "  1/123  second  at  f/16. 

The  third  method  Is  moat  commonly  used  in  copy  work.    As  the 
copy  camera  la  quite  rigid,  long  expoaures  can  eaaily  be  handled. 

NOTE:  The  filter  factor  value  depends  on  the  light  aourca 
and  film  type,  in  addition  Co  che  absorption  of  tl«8 
fil*:e^.  Tt^refore*  a  teat  strip  la  often  naceaaary 
CO  determine  exposure  accurately. 

Polarifing  screens  have  a  filter  faccor  of  2.5  constancly. 
However,  refer  to  che.  manufacturer's  film  daCa  sheet  for  oceiplete 
and  accurate  information  concerning  fllcer  specif  lea  c  loos  for  each 
type  of  emulsicn. 

To  Bummarlac  tir,  information  abouC  filcera,  read  tte  followii^ 
Kuidel  Inca: 

1.  Flitters  transmit  their  own  color  and  absorb  all  otNsrs. 

2.  Correction  filters  help  baUnce  the  color  senalcivicy  of 
the  ftJ    giving  orthochromatic  rendicion. 

i.    Deep  colored  filters  increase  contrast. 

4.    Use  filters  only  whan  the  condition  of  the  original 
requires  them. 
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5.  Expose  iKTurately  for  optiimtn  rcspoiwe.    Do  not  Mucrallso 
tbe  Action  of  ttw  filter.  ^ 

6.  CoBpeiuMte  for  expMure  with  flltw  factors. 

7-.    To  lighten  «  color  III  A  FIKM.  lltlllT,  um  a  f  llt«  of  tM 
SAME  COLOR. 

8.  To  darken  a  color  IN  A  FINAL  PRINT,  use  a  f  Uter  of  the 
OPPOSITE  C<H-OR. 

9.  Use  a  polarizing  screen  to  reduce  reflections  froa  ttw 

copy  subject  or  copy  board.  \ 


/ 


Film  Selection 

Once  the  camt-Ta  and  lighting  wethods  have  been  selected  and 
any  necessary  filters  determined,  th«'  next  step  is  to  determine 
the  film  and  developer  to  be  used. 

Copy  originals  can  be  classified  generally  Into  one  of  four 
classes.    These  classes  are  black-and-white  line  drawli^;s,  colored 
line  drawings,  black-and-white  continuous  tok.2,  and  colored  con- 
tinuous tone.    Figure  2-5  shows  a  table  of  these  classes^  Sflth  the 

recooBoendfcd  f  I  la /developer  combinations. 

Films  designed  for  copy  and  reproduction  are  generally  slower 
than  conventional  films  for  general  usage.    This  reduced  sensitivity 
provides  good  resolving  power,  maximum  subject  definition  and  greater 
contrast  control.    However,  the  exposure  latitude  Is  usually  vary 
short,  increasing  the  need  of  exposure  accuracy.    In  fsctj,  the  proper 
exposure  of  the  slower  photomechanical  films  (used  for  fine  drawings), 
h«>comf  roost  critU.il.     tVen  the  manufacturer,  realizing  xhe  various 
illumination  sources,  omits  any  .specific  ASA  data  for  these  films. 
Ouiy  a  suggested  exposure  is  included  In  the  data  sheets. 

OrthiK  lirnmat  ic  film  is  used  frequently  because  it  is  rtot 
bci*siLLve  f.o  red  r^afelights.     Since  the  film  does  not  tove  a 
notching  code  indicating  the  emulsion  side,  this  safellght  feature 
lUows  fur  Identification  of  the  emulsion  side.    Process  panchromatic 
r  '  bn  iM  available  when  p.nu  liromatic  cmxlslons  are  needed.    A  line 
drawing  with  sever.il  different  rolors  of  ink  would  require  a  process 
p.'inchromacic  film. 

Conmicrctal  Ortho  can  be  classified  as  a  general  purpose  film 
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FILM 

DESCRIPTION 


CLASSIFICATION 


DEVELOPER 


RATIO  OF 
DILUTION 


TIME  §  „ 
68**F  (20  C) 


Process 

Or thochromat  ic 


B&H  Line 
Drawings 


D-19  * 
(AFD  #1) 


None 


6  Min 


Photomechanical 
Orthochromatic 


B&W  Line 
Drawings 


Flneline* 
"A"  &  "B" 


A-l;3 
B-l:3 


2-4  Mln 


Process 
Panchromatic 


Colors  Line 
Drawings 


D-19 
(AFD  #1) 


None 


6  Mln 


Phot one chanical 
Panchromatic 


Colored  Line 
Drawings 


Flneline* 
"A"  &  "B" 


A-l;3 
B-l;3 


2-A  Mln 


Conmerclal 
Ortho  4125 


Continuous 
Tone  B&W 


DK-50 
(AFD  #2) 


None 


8  Mln 


Med-Contrast 
Panchromatic 


Continuous 
Tone — BiW  or 
Colored 


DK-50 
(AFD  #2) 


No;ie 


8  Min 


NOTE:    Co^y  filns  are  fixed,  washed,  and  dri^  in 
the  satne  manner  as  conventional  black-and- 
white  films.    In  all  cases  It  Is  best  to 
consult  the  Manufacturer *8  directions  for 
specific  time  and  tenq^ersture  for  each 
processing  and  finishing  step. 


*Should  be  a  substitute  solution  as  AFD  #1  (D-19) 
be  u»ed.  Increase  exposure  25%. 


used  frequently  In  routine  copy  work.    The  structure  of  this  fHa 
Is  Mich  tint  ttcpomre  ceiit«:oIs  th6  quality  and  conorast^thB 
fiflsl:  negative  woref  so  thaii  developaent »    imteafetft  ^ertrat^t  '* 
machine  Illustrations,  and  nechanlcal  parts  are  typical  subjects 
for  copy  purposes  using  CoMerclal  Ortho.    One  exception  wuld  be 
red  colored  Inages,  since  Ortho  f  ila»  are  not  sensitive  to  red. 

CAUTION:    Do  not  use  a  red  filter  with  this  filn.    A  red 
filter  absorbs  blue  and  green  to  which  the  flln 
is  sensitive  and  no  iaage  would  be  r corded. 


Another  popular  copy  film  is  Mediua  Contrast  Panchronatic. 
Its  characteristics  o^  contrast,  speed,- grain,  and  resolving  po««r 
all  fall  within  the  useful  range.    This  is  a  panchronatic,  continuous 
tone  file  having  the  ability  to  copy  continuous  tone  black-and-white 
or  color  subjects.    Also,  aany  general  purpose  filiw  can  ba  used  for 
copy  work. 

#  X 

f 

COPY  CAMERAS 

There  are  nany  caaieras  specifically  designed  for  copy  wdtIl. 
These  cameras  vary  in  size  of  amative  production,  light  amtrces 
and  controls,  but  many  features  are  very  siailar.    Figitfes  2-6 
and  2-7  show  the  two  cameras  used  in  this  course.    Note  the 
siallarities.    Both  cmeras  have  ground  gipss  focusing,  front  and 
rear  focusing,  swing  lights,  and  a  long  Uelloi>9  extension.  Biren 
though  not  shown,  both  cameras  also  have  a  process  anastlgmat  and 
apochrooui tic  lens. 

Copy  Camera  (^ration  « 

The  general  operating  procedures  for  the  average  copy  cAera 
are  very  siailar. 


1.  Loading  the  copy  board: 

^' 

a.  Check  to  tmv  that  the  original  material  and  the  copy 
board  are  free  of  lint,  dust,  and  other  foreign  matter.  / 

b.  Load  the  original  in  the  center  of  the  copy  board 

2.  ScaJe  jnU  l  ucus: 

a.    Determine  and  position- the  copy  board  and  ballots  fi 
correct  scale  (:;lze)  and  focus.    Fine  focusing  must  be  ddi^  by  viewing 
through  rhe  ground  glass. 
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ClHn«ro  Leveimi  Screws 


1  At     .  Aff 


t  ft  ,  A*  A  ^tM  t 


♦  .  4  ■  '  .Itl,  ( 


*  I  N4  f  A«ii> 
f  i     WlIN^    A*1i  t  » 


Cotnero  Leveling  Screwi 


h.    Position  the  lights  for  even  Illumination,    ^heck  for 
reflections  through  the  gfoiiad  glass.    Reposition  tha  light* 
^sMry. 

3 .  E^posurfi^ 

a.    Detenalns  exposure  and  set  the  tiner  snd  £/stop  €o  th» 
correct  settings."  When  possible,  the  lens  should  be  set  at  its  critical 

aperture,   (the  aperture  that  renders  the  sharpest  laage.)  MemaUy, 
the  critical  aperture  Is  three  or  four  stops  fr«n  wide  open,  (i.e., 
4(1  f/4.3  lens  is  usually  sharpest  at  f/11.) 

4.  Film  loading  and  exposing: 

a.  Position  the  filn  so  that  the  eoulsioa  will  face  the 
subject  during  exposure.     (The  NuArc  copy  cmera  is  set  up  M  that 
the  film  loading /exposure  section  is  in  a  darkroon  and  the  copy  board 

is  In  a  lighted  workroom.) 

b.  Start  timer  and  expose.     (Most  copy  caaeraa  are  e^ippad 
so  that  when  the  timer  is  started,  the  shutter  dlaphragB  autoaatically 

opens . ) 

c.  After  the  exposure  is  completed,  remove  the  fils  and 

procv'Sb. 

CAUTION:    V.ien  operating  any  copy  caoera,  do  not  force  any 
contponent  to  move.     If  any  part  does  not  w>ve 
freely,  check  the  camera  carefully  to  dsteralne 
the  causes    If  the  cause  cannot  be  deteraiined, 
inform  the  supervisor  or  repair  personnel. 

NirARC  MODEL  .SST-1418.     The  NuArc  copy  camera  model  SST-1418 
is  designed  to  be  installed  outside  the  darkroom  %rlth  the  exposure 
console  end  placed  against  a  liuHr  lorked  opening  into  the  darkroom 
wall.    This  arrangement  enables  darkroom  personnel  to  load,  expose, 
ind  process  film  under  «afelight  conditions.     Included  as  standard 
fquipm«"iit  are: 

1.  A  counterbalanced  21  x  25  inch  (53.3  x  63.5  ca)  copy  board. 

2.  A  percentage  calibrated  diaphragm  control. 

3.  A  Wray(H  1/4  inch  (210  mm)  ^Idc  angle  precision  lens 
providing;  a  reproduction  r.inge  from  20t  reduction  to 
300%  enlargement. 
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4.    Dtrect-rettding  dials  for  focusing  and  scaling. 

5     A  vacuusi  back  to  acc««odate  all  fil»  .i««  «P  to 
lA  X  18  inches  (35.6  x  45.7  cm). 

6.  An  autoMtlc  reset  tl«cr. 

7.  A  srlf^ontained  quatrx  iodine  lilhting  syst-  .rith  four 
Lamps. 

i  rK^  NtiArc  i4ia.    Tu  position  the  copy  board  for 
operation  ut  ^^^.^^f^^^** *  ...U  position  on  the  stop  plate, 
loading  purposes.  J^*-^"        ^^^xj^\  position.    The  copy  board 

A  l«>c»^i««  "  Je^W  platen  ^th  a  pollahed 

:::s:    ''T^'putera%To;:«:rtes t 

^tarlarrlngln^  thin  typenriccr  paper  to  pages  paatad  on 

thick  boards. 

position  and  then  lower  U  sUghtly  "  BBtwUl  to  tw 

ehls  purpose. 

Clo«  the  gua.  fra«e  by  lifting  It  slightly  beyon-  the  l«ck  point 

.n-  leiang  U  Sown  "«"r.%'l!r.-iii^'t^1rp;  i.-^iT,'- 

Utch  firmly.    PuU  ou^  the  locking  pin  and  swing  rnc  c«py 

mrd  to  Its  vertical  position. 

The  quart.-ludine  cycle  lighting  'iSiv^SJ^Uy 
and  give.'llptlmum  efficiency  ;«torrrc":i;ragT    T^e  ^rt.  bulTihould 
adjustable  for  controlled  copy  ™  ^ 

be  mounted  with  the  tube  protrusion  focusing  up. 

CAUTION:    Always  use  cotton  gloves.  Kleenex  or  similar 
materials  when  handling  quart,  lamps 
NEVER  BARE  HAWJS.    This  protects  the  bulbs 
against  fingerprints  which  can  be  etched  Into 
th«  lamps  when  they  arc  hot. 

The  Wray  precision  l«is  on  the  HuArc  camera  was 
a.BUn^  to  ^lve  optimum  results  with  process  cameras.    The  OTJTTBR 
til  lit  lenl  is  Holenold  operated  from  the  exposure  console. 

On  the  lenH  board,  directly  above  and  controlling  the  l«s 
openinri**  the  lens  dUphragm  chart  with  a  manual  setting  arm. 
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the  IcMiH  CO  llu*  film  At  a  giv^en  time  exposure. 

The  top  line  on  the  lens  board  represents  the  actual  f/stop 
setting  (f/6.8  to  f/3.2.)    The  22^  16»  and  11  llnea  reprasent  aat- 
tings  for  varying  types  of  copy  material.    The  22  line  la  ua«Ml  watly 
when  copying  continuous  tone  subjects.    The  11  line  la  aaldOB  usad 
unless  the  Hubject  matter  la  very  hard  and  the  large  f/atop  la  neadod* 
When  th(*  perrcntaKC  of  enlargement  or  reduction  la  calculated »  the 
Slitting  arm  is  aligned  on  that  percentage  along  the  chosen  llM  (l^e., 
22,  10,  11.)    By  doing  thi*-    compensation  for  bellows  eKtenalon  or 
reduction  1h  automatically  calculated  and  the  lens  dlaphraga  (f/stop) 
Is  la  the  correct  position  for  the  copy. 

All  the  controls  and  features  of  the  E^osure  Console  are  con- 
veniently placed  and  clearly  identified.  Flip  the  MASTER  SWITCH  on 
the  control  panel  to  the  ON  ponltlon.     This  turns  on  the  poner  for 

.ill  the  accessories  on  the  camera. 

The  tape  switch  illuminates  the  percentage  tape  viewers.  The 
It  I  t  viewer  i%  for  the  lens  board  tape,  the  right  vle%#er  for  the 
ropy  board  tape.    The  percentage  tapes  are  moved  by  corresponding 
0 ranks  below  the  control  panel.    Vfhen  both  tapes  are  aat  at  the 
de?>ired  percentage,  the  copy  ctaterlal  Is  In  focus. 

NOTE:    Focus  should  always  be  checked  on  ttw  ground  glass. 

To  open  the  shutter  and  turn  on  the  copy  lights^  move  the 
TIMER-FOCUS  switch  on  tlie  leff  end  of  the  panel  from  OFF  to  FOCUS 
position.    Use  the  latch  knob  to  open  the  can^a  back.    Hove  the 
ground  glass  Into  position  for  viewing* 

The  vacuum  film  hack  assures  a  perfectly  flat  placoient  of 
the  film  so  that  there  is  no  dlst<fttion  of  the  ropy  image.  The 
v  u  uurn  pump   is  ovi-r'^lzed  to  prt»vide  <i  Btemiy  vacuum  draw  through 
t  .u  h  of   thf  jM-rl  or.iiions  on  tin*  film  back.     The  vacutim  does  not 
.  .luse  vlbr.K  fims  that  destroy  sharpness  afuJ  detail  in  the  f  lloied 
iinagi'.     Tht'  1  i  im  !kw  k  is  ?!oned  into  the  standard  film  sizes.  Center- 
!  f)k',  t*M'  flin  on  thi-  I  I  Im  Uack»  puHitfons  the  film  oppusije  the  centered 
fuibjei  t  mater  l.i  I , 

To  eliminate  f  inger  and  scratch  marks  on  the  emulslont  handle 
ail  film  by  the  ed^»es  only,  or  wear  cotton  gloves  Whenever  possible. 
Place  the  film  on  the  film  back  with  the  emulsion  aide  facing  up«  This 
I  an  be  checked  under  the  proper  safelight*     When  the  flla  la  in  the 
proper  place  <m  t\w  vai  uum  hack,  turn  the  vacuum  puap  on.     The  punp 
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•  lnntidlat«Iy  draws  the  flln  tight  to  the  film  back  which  is  now  ready 
CO  rXoae  for  exposure. 

The  expoairi!  timer  la  numbered  in  seconds  and  has  two  tends, 
colored  green  ali^^.    The  eiraer  is  set  by  turning  tha  black  dial 
In  its  center  to  the  desired  exposure  tine.    IVimlng  the  black  dial 
muveB  both  the  green  and  red  hands  froa  the  previous  exposure  to  the 
new  setting.    The  red  hand  moves  towards  lero  %ihen  you  press  the  ex- 
posure button.    The  green  button  remains  stationary  ao  that  another 
exposure  at  the  mime  setting  can  be  made  immediately. 

Press  the  white  button  to  begin  the  exposure.    At  the  ei^  of 
the  selected  time  interval,  the  timer  clicks  and  the  red  hand  on 
the  timer  returns  to  its  position  under  the  green  band.    At  the 
Instant  that  the  exposure  is  completed,  the  lens  abutter  closes 
and  the  copy  lightn  go  off. 

"HlIIiCETON  COl'Y  CAME2UV.    The  Princeton  copy  camera  coses  in 
a  variety  of  sizes  aivl  models.    Regardless  of  a  ice,  the  operation 
proc^ures  are  the  same.    The  major  difference  anong  the  various 
models  is  in  the  dimensions  of  the  caroras. 

Unlike  the  NuArc,  the  Princeton  is  not  designed  for  darkroom 
installation.     Instead,   It  is  freestanding  %rith  film  insertion 
through  the  use  of  cut  film  holders.    This  arrangement  alloirs  for 
the  full  operation  (except  loading  film  holders  and  processli^) 
to  be  accomplished  in  normal  room  light.    One  person  can  easily 
operate  tha  Princeton  alone. 

The  Princeton  can  produi  e  same-alxe  reproductions,  reductions, 
and  enlargements.    The  exact  range  depends  on  the  particular  iK>del 
being  used.    The  film  size  used  also  varies  with  the  models,  with 
some  capable  of  handling  film  up  to  18  x  24  inches  (45.7  x  61  cm) - 

Uperation  of  the  Princeton  Copy  Camera.    Before  attempting 
fi>  use  the  PrliKetun,  load  a  sufficient  nimber  of  cut  film  holders. 
The  film  loading  nmst  be  accomplished  under  darkroom  conditions. 
If  the  film  used  is  panchromatic.   load  It  in  total  darkness.  Read 
<ind  understand  th«^  loading  procedures  before  attempting  to  load  the 
holders.    Pra*  tlce  in  normal  light  using  a  sheet  of  dmmy  film. 

To  load  film  holders,  proceed  as  follows  (See  Figure  2-8): 

1.     Pull  out  I  he  slide  and  partially  reinsert  it  in  the  film 
hoidt'f.    Make  sure  that  the  bright  side  of  the  slide  faces 
out.    Accimipllsh  this  before  the  lights  are  turned  out. 
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2.  Tuni  tnii  i\\v  roimi  lights  and  open  thu  film  box. 

3.  Open  the  hinged  hottoo  of  the  fiJm  holder.     told  th« 
hinged  bottom  open  with  the  left  hand  and  the  fllffl  in 
the  right  hand,  with  the  forefinger  on  the  notches. 
(The  film  notches  should  be  In  the  Xowet  right  corner 

so  that  the  emulsion  will  be  up.) 


Figurt-  2-8.     Loading  Film  Holders 

4.     Slide  the  tllm  Into  the  Rrnoves,  along  the  sides  of  the 
film  holder,  until   it  Is  fully  inserted.    Close  the  hinged 
bottom. 

3.     Insert  the  slide  torapletfly  Into  the  film  holder  and  into 
tht'  hinged  bottom. 

b.     Set  the  liH-kins  screw  (not  shown)  to  hold  the  slide  In 
posi  I  ion . 

7.     Turn  the  film  holder  over  .md  load  the  opposite  side. 

H.     Clt^se  the  film  box  and  turn  on  the  HkIus. 
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At  ttsr  ltM4inK  thts  I  ila  hnUerN.  pUt  c  ctu*  aubjoct  In  elit  c«py 
board  4itd  profiare  to  aaka  ttw  oopy. 

Ronowf  the  camera  dust  cover  and  ehe  lens  cap.    Inject  the 
im  And  a««era  for  dusc.    Ramove  lem         with  •  cmmX't  hair 
brush  or  Imnm  tissue  and  imm  cleaner.    Zaatall  the  proper  alaa 
ground  glass  focusing  back  and  Inspect  It  for  dust.    RsBOve  the 

dust  vlth  the  easel's  hair  brush. 


To  load  the  copy  board,  release  che  latch  at  the  rest  of  it. 
i'ip  the  copy  board  tu  the  horizontal  position.    Release  the  side-* 
latch  fasteners  and  raise  the  glass.    Insert  the  copy,  close  and 
fasten  the  copy  board.    Raise  the  copy  board  to  ctw  vertical 
poaltlon  ai^  fasten  it.    The  glass  MUST  be  clean  for  goed  results. 

Prepare  the  lighting  system  as  outlined  earlier  In  the  section 
on  lighting. 

Ojien  the  shutter  and  set  the  f/stop  to  its  maximuD  sperture. 
This  gives  the  brightest  ioagf  for  focusing.    Use  the  follovlng 
itroceduree  t«>  obtain  the  required  Nize  and  proper  focus: 

I.    Hove  the  carciage  lockii^  handles  backward  to  release  the 

carriageH. 


i.    Rotate  the  front  hand  wheel  (clockwise  or  counterclockwise) 
until  the  iaage  on  tlie  ground  glass  is  approslaately  the 

desired  size. 

1.    Rotate  the  rear  hand  wheel  (clockwise  or  counterclockwise) 
until  the  inage  on  the  ground  glass  Is  coarse  focused.  Use 
the  fine  focusing  knob  until  the  Iv^e  Is  sharply  focused. 

A.    If  the  image  is  not  the  proper  size  after  focusing,  repeat 
seeps  2  and  3. 

^.    ^ve  the  locking  handles  to  smure  the  csrriages. 

b.    Closfcf  the  uhutter  and  set  the  lens  to  the  proper  f/stop 
and  shutti^r  spet'd.     (Sec  the  following  section  on  deter- 
mining exposure.) 

Alter  attaining  the  proper  focus,  Insert  a  f  11a  holder,  renove 
tht;  d«irk  slide,  expose  the  film,  and  replace  the  dark  slide.  Rsplace 
the  dark  slide  with  the  black  side  of  the  slide  facli^  out,  ladlcetlag 
the  tile  is  eKposed.    Tuvn  off  the  copy  lights,  go  Into  the  darkroos 
and  process  the  film. 
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Oecerffllnii%  Expomiri*.    The  exposure  !■  decemined  through  Che 
use  of  a  light  neter.    Turn  on  the  lights  ai^  detemaine  the  expoeure 
tisae  with  m  Incident  light  oieter.    (Resflnhcr  that  the  lea*  la  Mt 
dt  the  critical  aperture.)   This  is  ttte  hasie  cxponre  for  «  Itl 
reproduction.    In  this  site  of  reproduction*  the  h«Uom  atmiflB 
equals  the  lens  focal  loigth.    (This  only  applies  in  copyl^.) 

Measure  the  lei^th  of  the  bellows  froai  the  coiter  of  the  loss 
to  the  focal  plane.    Take  the  square  of  the  bellows  extension  (BS) 
divided  by  the  lens:  focal  length  (FL)  to  obtain  the  bellows  ex- 
tension factor  (BEF.)    (failtlply  the  bello%f8  extension  factor  by 
the  original  light  oeter  exposure  for  the  new  exposure.    Vk£  sxMpls: 
The  iiKldent  light  reding  gives  an  exposure  time  of  1/2  secoad  st 
f/16.    The  lens  focal  length  is  303  nsB  and  the  bellows  is  aessuced 
at  610  mm.  Therefore, 


BE2    _  610  2 


FJ-  305 

(BEF)  X  (OE)  -  new  exposure  (4)  x  (O.S)  •  2  seconds 

The  new  exposure  will  be  twt  seconds  at  f/16. 

Keep  a  record  of  all  exposures  to  be  able  to  make  any  necessary 
minor  adjustments  to  get  the  maxlnum  quality. 

Laboratory  Safety 

Both  the  NuArc  and  the  Princeton  copy  cameras  are  powered  by 
high  voltage  current.  Never  handle  these  catseras  with  %iet  hands. 
Also,  wate"  on  'no  darkroom  floiir  poses  nn  electricsl  hasard  %rtten 
using  trw.  NuAi  c  . 

Betild'^s  the  eluctrical  shock  hasard,  water  and/or  spill«i 
processing  solutions  on  the  darkroom  floor  can  cause  the  operator 
to  fall.    This  is  particularly  important  since  much  of  the  darkroom 
work  !.s  Ix.  totnl  darknens.    Therefore,  always  clean  up  spilled  solu- 
tions before  proceeding. 

Wlien  rot  using  ihu  NuArc 's  ground  glass  focusing'  screen,  keep 
It  sccurud  wUh  thi-  rh.iln  provided.    Otherwise,  the  screen  nay  fall 
and  bru.ik  a^.iinsi  tt^-  l  iimcra. 
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aWlBH  JWKSTHMII*  ^  ' 

DO  n'ot  laiTE  IN  THIS  SW-USl  A  SEPMIATE  SMECT  CP  PAFffi'. 

1.  tOiAt  la  a  photo  IoAokT 

2.  Wiat  is  a  photostophic  holiday ? 

3.  What  type  of  paper  is  used  to  print  ffiooalca? 

4.  At  ¥\mt  angle  should  the  lights  be  pooltioned  when  copying 
rough  flurtdce  materials? 

5.  At  what  angle  should  thfc  lights  he  positioned  when  copying 
SBooth  surface  uuterials? 

6.  I^t  precautions  oust  be  taken  when  replacing  lisBBp  cubes 
on  the  KuArc  copy  cmera? 

7.  What  is  the  critical  aperture  of  a  lens? 

g.    What  three  effects  are  accomplished  by  using  a  polarising 
filter?    Which  is  most  laportant  in  copy  wrk? 

9.    Qcplaln  am  wsy  to  allow  for  a  filter  factor. 

10.  Given  the  following  inforaation,  determine  the  proper 
exposure:  Incident  light  reding:  0.2  sec.  at  f/16i 
Focal  lengthi    AOOtaa;  Bellows  entensioa:  660tai. 


PRACTICAL  EXEKCIShS 


RQUIRIEirr  AMD  SUPPLIES 


Copy  rooa  fad  I  It  tea 
Darkroom  facilities 
Copy  fwera 
Type  V  Class  A  film 
Film  drying  rabintt 
Aerial  mMslcs 


EXBiCISE  I 
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Basis  of  IsAie 

l/claS8 

1/c  lass 

1/2  stiMlents 

M  ^ets/class 

1/c  lass 

As  needed 
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PROCEDURES 


1.  Obtain  the  deslr*^  »cale  of  the  copy  trm  «h»  liwemetM, 

2.  Determine  the  size  oi  the  final  copy  end  set  the  cn«w 

to  tte  correct  slie  and  focus. 

1.    Determine  the  proper  exposure  as  outlined  in  thU  SW. 

4.  Btposc  the  film  following  tht!  operating  procedures  as 
outlined  in  this  SW. 

5.  Process  the  film  in  accordance  with  the  film  data  sheet. 

6.  Clean  up  all  work  areas  and  return  to  the  claasroM  for 

critique  by  the  instructor. 


EXERCISE  II 

EQUIPMENT  AND  SUPPLIES 

Baalo  of  Issue 

Laboratory  facilities 
EN-22A  contact  printer 
Printer  tl«er 
Continuous  titner 
Thermaneter 
Print  washer 
Print  dryer 
Negative  of  a  mosaic- 
Variable  contrast  printing  paper 


PROCEDURES 

1.  Make  sure  thai  ulectrhal  equipment  furnished  with  grounding 

attactaeniH  an-  properly  gr«und«l. 

2.  Keep  cU'ctrical  equipment  nvay  ft<m  wet  sink  areas. 

3.  Du  not  handle  any  electrical  equlpaent  (printer,  tinsr,  ate.) 

It.    Obtain  the  nei  essary  processing  chemicals  from  chm  bI».  Use 
AFD  No.  23  (D'-7Z)  diluted  1:2. 
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1/class 

1 /student 
1/ student 
2/cU  m 
2/cUa8 
1 /class 
1/clasa 
1/student 
3  sheets/student 


%,    Check  printer  pUeen  m4  glass  for  elcanilnest.    Both  My 
cleaned  with  a  4ftmp  cloth  if  eieccKitary»  to  resov*  eimUtiAi 
spots,  utc.   Par  safety's  sake,  diieonneet  the  priAtnr  froa 
the  power  outlet  while  doing  this.    (Use  slcotol  and  eotcon 
to  clesn  the  printer  gUss.)   Use  lint  free  elMoii^  clotht 
end  dry  the  psrts  carefully  after  cleaning. 

6.  Position  the  nosaic  negative  enuilvion  side  up  on  the  printer. 
Tope  it  down  by  at  least  two  corners.    Use  anaU  pieces  of 

tape  and  do  not  allow  any  part  of  the  tape  to  extend  into 
the  picture  araa. 

7.  Cue  a  Hh&m  of  the  printing  paper  into  test  strips,  aid 
then  make  test  exposures  aiuj  pr«:ess  as  outXinod  In  th^ 

previous  SU. 

8.  Expose  a  sheet  of  print 1«k  paper  for  the  correct  nuabor  of 
seconds  and  process  It  carefully  within  the  sllovable  time 
liroles.    Compare  lN;  density  of  the  print  with  that  of  the 
teat  strips.    With  the  instructor's  aid,  deteralne  if  an 
acceptable  density  has  been  achieve.    If  not,  repeat  the 
proctssa  until  an  acceptable  print  is  produced. 

9.  Return  ail  unexposed  paper  to  its  proper  box.    Insure  that 
the  paper  boxes  are  tightly  closed,  then  turn  the  norasl 
room, lights  on. 

10.    At  the  direction  of  the  instructor,  carry  the  prints  to 
the  finlBhlng  room  for  washing  and  drying. 


ERIC 
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PROJECTION  niNTIIlC 


OWBCTIVE  ^ 

Using  manual  projeccion  prlntcrH.  laboratory  £aclXitle«,  Aerial 
negadvaa  and  printing  matarlalai  produce  black-andf  hlco  prints 
which  ava  (rme  of  expoiure  and  proceaaing  dafacta. 

XNmODUCTION 

Earlier  in  this  rouraa,  basic  projection  printing  was  ItttrodMcad. 
Thia  section  will  review  those  principles  and  rafina  thm.    In  thla 
Laaaon*  aerial  negatives  will  be  used.    Par  aore  precialon  is  neadad 
with  aarial  work  than  with  anapahots.    One  aquara  centlffstar  can  con- 
tain vast  anotints  of  Inforaatton  in  raconnaiaaanca  work. 

'One  of  the  aain  advantagtiti  of  projection  printing  is  tha  ability 
to  aalact  portions  of  a  negative  to  print  and  aHainate  uniaportant 
portions.    Also,  the  isportant  area  can  ba  enlarged  graatly  to  bring 
out  tha  detail. 

INF0»UTIQN 

PROJECTION  PRINTING  FUNDAMEMTALS 

PrlQciplas  of  Projaci:ion  Printing 

Projaetion  printing  is  the  method  which  uses  s  Ims  to  project 
an  inage  of  a  negative  or  positive,  onto  unexpoaed  Mtarial.  k 
ntfgative  (or  posit  lvf!>  is  placed  in  the  printer  batviean  tha  light 
source  sod  ttu  rswstock.    As  Light  paaaes  through  the  negative,  the 
lana  projects  the  insge  onto  tha  emulsion  of  tha  rawstock.  This 
produces  thu  Utt^ni  jjnsge'on  the  rawstock. 

Titc  §i7,e  of  the  projected  lAsge  is  controlled  by  the  lens 
>iH-aJ  length  ai^/cr  tho  distance  from  tha  negative  to  tha  ratfatock, 
.St'iaL  i.  iun  oi  iU%i  Ions  focal  length  depende  on  the  negative  tisa  being 
printiti  or  lUv  lUKri-c  oi  magnification  daaired.    Nonally,  the  £ocal 
hngth  NhoulJ  t>o  «<|u.tl  to  the  negative's  diagonal  length.    In  practice, 
ii  U  uNiidliy  HtlniKly  Nimrter.    In  inataiurea  where  only  a  saall  por- 
tion of  thu  ncga^lvi*  is  to  be  printed,  the  lens  focel  length  can  ^ 
Much  shorter  than  nie  negative  diagonal. 

With  a  given  negatlve-to-rawstock  distance,  the  slater  the 


^70 


Unj  foc«l  ItRglh  U,  th»  Urg«r  th«  proJ«ct«l  iaifc  "i** 
With  t  glv«n  tocaX  length,  an  the  n«giitlvi;-to-r««itock  dliUPCf 

Moaller  by  uiii«  a  l«w  tlwt  twi  •  l«»g«r  fi»!»l  Itngeli  or  ftf  ««- 
creating  tht  n«gative<^to-r«wacock  dlsta;ic«* 

Types  of  Projection  Printers 

The  Araed  Forces  use  two  basic  types  of  projection  prSnCers. 
These  are  the  diffusion  type  and  the  condeneer  type.     (See  Figure 

3-1.) 

Di*TUSION  SYSTEM.    The  diffusion  type  projection  printer  h«S 
a  diffusing  glass  between  the  light  source  end  the  negative.  Light 
strikes  the  diffusing  glass  and  is  scattered  in  all  directions. 
Thus,  the  negative  la  llluainated  evenly  but  softly. 

An  advantage  of  diffused  Uluralnation  ia  that  oinor  negative 
defects  are  not  recorded  clearly  In  the  print.    However,  there  is 
a  softening  of  the  image  sharpness  and  a  reduction  In  contrast. 
Therefore,  diffusion  projection  printers  are  not  used  in  aerial 
reconnaissance  %rork. 


>•<     y.  ■  Momteo 
-owati 


NCOATIVC 


FOCUtlNO 


caWL 

"  !rtn?f*r  Tv  e 


Figure  3-1.    Diffusion  and  Condenser  Projection  Printers 
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COHDHiSeR  SVSTSIS.    In  a  co«leiit«r  p«oj«etioci  prlfie«r,  fete  l]&|ht 
is  cofictfim^e^  by  the  tQtdcnHt  IMIM.  through  the  tM||«felwe*  Xn 
this  Bumnov,  thttre  it  no  softening. of  ths  iMgc.   Hsxtnai  dstal^  ls_ 
rstsin«l. 

Condensing  lenses  filflo  utilise  as  flsich  of  the  eKlstins  light 
as  possible.    As  a  result,  exposure  tlMS  srs  such  shorter  than 
with  a  diffusion  printer.    In  ssrlsl  rsconnsiassnes  irark,  cvsa 

seconds  count. 

ProJ in: t Ion  Printer  Models  ' 

The  Air  Force  Inventor contains  msny  aodels  of  projection 
printers.    A  brief  descrlptlpn  of  sons  of  these  BudeXe  is  in  order. 

BEACON  PRECISION  ENLAKCERT   The  Beacon  Precision  larger 
(Figure  3-2)  Is  capable  of  producing  enlargoents  froa  preseloctad 
areas  of  serial  roll  flln.    It  will  enlarge  negative  sections  vitii 
disasters  of  3.7  inches  tQ^O.32  Inchee  (94  to  ta)  to  asgnif Icstioos 
froa  3x  to  40x  In  color  and  3x  to  13:i»a  In  black-and-white.  Btalarfe- 
stents  ere  printed  on  ra^^aeock  up  co  40  Inches  (102c«)  on  a  aids. 
The  area  to  be  enlarged  Is  specified  by  coord lostes  vlthla  tho 
negstlve  frssK.    It  will  handle  iiiny  standard  roll  filji  sis«  frca 
7Qm  to  9.S  Incl^a  (24.1cni)  In  rolls  up  to  7.6  inches  (19c«)  in 
disaster. 

Optics.    Six  standard  and  two  optional  Interchangaabls  lane/ 
condenser  set*  are  furnlahed  to  provide  continuous  3X-15^  asgiU- 
ficstlon  for  blsck-and-vhlte  cnlsrgassnts  with  the  first  five  lens 
sees  being  color  corrected  to  peralt  color  tnlergftsttits  up  to  idOC. 
Th<$  prsclslon  optics  are  aligned  rigidly  on  a  asssivs  frsae,  shock 
Isolstsd  froa  the  base  to  enhsnce  la  age  sharpness. 

Transport  Systems.    Film  transport  and  essel  drive  ssscnblles 
am  aotorised  to  s^eod  the  location  of  selected  frssies  In  a  roll 
nf  film.    They  also  position  the  easel  for  ejcsct  focusing  and  aog- 
nlfication.    A  horizomol  transport  systea  aoves  the  nagstlvs  to 
locate  a  designsted  frame  and  to  position  the  horlsontal  coordinate 
at  a  requested  point  within  the  fraa».    The  wirtical  coordinate  of 
tUi'  fraoe  is  poslcioned  by  a  vertical  transport  systea,  which  also 
movss  the  flla  into  snd  out  of  ths  opticsl  psth  of  the  enlargst. 

Magnification  and  FocualngJ    A  senisu toast Ic  systea  for 
selMitlng  loagnlf  Icution  and  focusing  is  also  provided.    Aa  lllwi- 
nated  display  an  the  easel  drive  Indicstes  s  nsgnlf Icstion  value 
at  each  nagativs'^to-sasel  distsnce  for  ths  lens  being  used.  A 
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NEGATIVE  TRANSPORT 
$PINDLE 


F  LTER  WHEf  L  ASSV-y^ 


MAIN  CONTROL 


EASEL 


EASEL  DRIVE, 
EXPOSURE  CONTROL 


1 


EASEL 
EXMAUST 


EASEL 
CARRIAGE 


MAIN  FRAME 
(RUBBER  MOUNTED) 


MAIN  CHASSIS 


Figurt'  3-2.     Beufon  PrtH  lsltin  Knlarm'r 


p.iraJloJ  display  indicnlfs  llu-  rfi|niriHl  Un?;  f«H*ijH  si'ttinv,.  riic 
It  lis  !%irr<.')  innvi's  in  .md  cniL,  aiul  drives  ;\  l  ountcr  th.il  tiinplays 
Lite  numcricai    !  rn.s  Un  us  st'ltiug.     Wlien  lens  ts  in  fucuH  for 

a  spciific  caKcJ   |n)KiLi(»n,   t  hf  numht-r  cm  tin-  I  ins   Is   flu-  Kamf  as 
fliat  i!  ispl  ,iycd   lu-sidc   t  In-  lai^.n  i  fir  at  i  cii  mimtn-i  . 

Kxpusurr.     A  phi^Lomt^'iT  is  provided  tti  lie  I  p  rstnbUsh  corrrrr 
o  posurr   l  i^r  Lho  prltit  .stcu  k  used.     A  pn^bi* ,  witich  !his  d    imm  di;um'tt'r 
spot  iind  I  an  Ik'  huld  .Jt/  iiny  pi?siti(>n  on  t  ho  tMMii'U  ^'^'in  be  iiHrci  rr.id 
D-mln  .ind  D-max  urcns  of  tht*  fri^Jet  tt'd   iinn^'.^,      Intnislty  ot    ttir  pt  fnt- 
ing  c;.ii)  be*  varied  by  adjusting  t  be*  vnlt/igt*  applied   tu   tbc  Ininp, 

and  i*x!n>surf  t  inies  of  rl-'Hecond         lll-Hin  onds,    in  tuntbs  nf  n  sej^MMid, 
ar  I*  nv:i  i  1;ibl  c  • 

Negative  Positioning.     Negativf  flim  in  lu-Id  Htatinnnry  !iv 
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l«  inldcted  on  eich  tiidu  to  cUan  th«>  fll«,  to  eltotimfc*  H»rt«i 
ring*,  and  to  reduce  the  effact  of  icratchaa  and  abraalcma  on  tba 
flla.    (Newton  rings  are  concencrtc  l»anda  of  colored  light  acna- 
tiaaa  laan  arcHind  the  areaa  where  two  tranaparant  aurfacaa  are 
not  quite  In  contact..  The  rlnga  are  the  reaults  of  Interfwanca 
and  occur  when  the  separation  between  the  aurfacea  la  of  th«  aame 
order  aa  the  wavelength  of  light.) 

Rawatock  Positioning.    The  rawstock  (paper  or  fiOin)  la  held 
anualy  agalnsc  the  vertical  easel  surface  by  a  vacuum.    For  printing 
fill  which  doea  not  have  an  antlhalatlon  backing,  a  porous  dark  screen 
can  be  pulled  down  over  the  easel  to  prevent  light  scatter  frosi  the 
eaael  surface.    Print  stock  holdera  are  provided  to  hold  down  the 
edges  of  badly  curled  film  or  paper  that  night  not  otherwiae  lie  fUt 
on  tho  easel  surface. 

DURST  X-ia4M  PROJECTION  PRINTER.    This  printer  consists  of  the 
projection  printer  head  mounts  on  two  vertical  columns,  a  lamp 
hduse,  a  base  equipped  with  casters,  a  movable  vacuum  table  also 
mounted  on  the  vertical  columns,  a  power  supply  console  and  ventilator 
installation  and  a  vacuum  pump.    (See  Figure  3-3.)    A  counter  balance 
ia  mounted  at  the  top  of  the  vertical  colunns  and  is  connected  to  the 
printer  head  to  reduce  force  required  to  raiae  and  lower  it. 

The  projection  printer  head  conjoins  IntacchMgaable  type 
optical  condanaers,  a  filter  drawer  for  IntarchaatMble  ll«ht  «"tero, 
a  negative  carrier,  the  light  source  ami  the  projection  leas.  The 
head  la  raiaed  and  lowered  by  a  hand  crank  aaaeably.    An  electric 
motor  drive  can  be  subs dtu ted  for  the  hand  crank. 

The  light  source  for  thia  printer  is  an  xenon  lamp  which  is 
controlled  by  the  power  supply  console.    The  power  supply  console 
contains  a  ventilating  unit  which  supplies  cool  air  for  the  lamp 
housing  through  a  duct.    It  also  houaes  a  preciaion  timer  for  ex- 
posure time  control  and  control  of  the  exposure  lamp  cooling  blowers. 
The  exposure  lamp  can  be  operated  at  full  or  half  power. 
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VACUUM     TAh  k. 


VENTI L  ATOW 
PROJFCTlON  MrAD 


VACUUM 
PUMP 


SASf 


POWER  SUPPLY 
CONSOLE 


i^uro   J-J.     Prcvjrc  l  lofi  Printer,  Durst  X-IH^4 


ft 
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X-184M  Speclflcatlofis 


Nagneive  Size  llnltations 

35MM  CO  8  X  10  Inch  and  9  x  9  inch 
(200  X  2S0BB  snd  230  x  23Qn) 

Maxlffium  Enlargements  (3601M  lens) 

Vertical  projection 

2.5  X  negative  length 

Horisontal  projeccion 

21  X  nagatlve  length 

Pro jec clou  lens 

1 

80MM  f/5.6 
iscm  f/S.6 
2AGMM  f/9 
36am  f/9 

Vacuum  table 

Allows  up  to  30  X  40  Inch 
(760  X  1020tam)  prints 

CII-S2II  Projection  Printer 

The  EN-52B  projection  printer  Is  one  of  the  wore  coonon 
Models  In  the  Air  Force.    Review  figure  3-4  to  irecall  the  basic 
conponsnts  of  the  printer. 

Besides  the  features  shown  in  Figure  3-4,  the  SI-52B  is 
equipped  with  three  lenses — an  f/3.5,  SObbh;  an  f/4.5,  IOShb; 
and  an  f/A.S,  I50nini.     It  also  has  a  heat  absorbing  glass  and 
twt^  pUno  4  nnvex  Ifnaeti  in  the  condenser  as  well  as  an  addition 
variable  condenser  Uns.    Negatives  a»rheld  in  place  by  one  of 
Bin  i  arrierM  o£  varying  sizes. 

The  pro|i-it{i->n  printer  may  Ix*  rotated  on  its  base  to  pernjit 
the  negativti  to  lu'  projected  onto  the  floor.    This  permits  en- 
1  argenunts  Urgtir  than  U  x  14  inches  (260  x  356aBB).    Hold  the 
carrUgtt    and  girder  securely,  loosen  Che  chree  cap  screws  ai^ 
secure  the  three  rotary  clamping  pads.    Rotate  the  glrdsr  180' 
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1.  Lens  Mount  AiiMiibly,  ISOmk 

2.  Uns  Mount  AiaoiblT«  I0$m 

3.  LenB  Mount  A««eiibly,  50m 

4.  Condenser  lent  asieably,  two 

pi«it9'Convex  ltBe<"< 

5.  Lmp  house  Asecoibly 

6.  ri^rriage  Aeaeably 

7.  Can,  I50m 
B.    Can,  lOStm 

9.  Cam,  SOm 

10.  Girder  Aaae«bly 

11.  Baaeboard  Aaermblv 
1?,  Wrench 

n.  Caw  followpr  vhpal 
K.  LIftfnR  Irvpr  -  ralacn  Uiip  house 
aaaevblv 

IS.  Vnrlable  contrast  filter  turret 
aaaeaiblv 

Ifi.  niaphreRm  Control  -  all  aounta 

equll>p«d  with  an  f/nueber  lUunlnator 

17.  Flln  StafEf* 

18.  Variable  Condenaer  Houain;; 

19.  Flapaed  time  Indicator  -  records  tine 
in  uae 

20.  Focuainft  Knob  -  contract!  or  expa^a 
the  bellowa  for  fine  focua  adluat-  , 

went 

21.  Handwheel  knob  -  controJn  the  poaition 
of  carriARr  on  Rlrder  aaaenbly;  there- 
hv  controlling  the  ai^e  of  the  an- 
I  nritenent 

27.  Rrrtk#»  Knoh  -  Xork- carrinRe  In  poai- 
tion on  fttrd^r  nnaenbly 


KlRurv  1-^.     KN-52B  M.'inunl  Projection  Printer 
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on  Che  liaee  and  stscure  It  in  this  position  wich  eh*  cmp  sevens* 

CilHtlON:    tiafore  iroeattrig  the  gtrd«r  «ad  carriage  for 

floor  projection,  eecure  the  beee  board  to  the 
cable  wieh       claipa  to  prevent  th«  printer 
froa  overturning. 

Projection  Printing  Proceduree 

Regardless  of  the  printer  being  xxaed^  sone  basic  principles 
apply  to  all  of  Cham.    One  o£  chase  la  cleanliness.    Be  sure  that 
the  laboratory  and  equipnenc  are  free  of  dust,  dirt,  ami  other 
foreign  mater ials.    Because  srfnor  duet  particles  on  che  negative 
or  da  Che  glass  placea  of  the  negative  carrier  becone  extnwly 
noticeable  when  enlarged,  cleanliness  is  vsry  Isipertasit. 

Another  baaic  principle  la  proper  c hen  leal  preparation. 
Thla  area  has  been  thoroughly  discussed  In  earlier  parte  of 
thla  ceorae,  so  no  further  discussion  is  nseessary. 

rinelly,  chere  la  a  rule  which  stscee,  **!£  it  isn't  In  the 
negative,  it  csn't  be  produced  in  che  prlnC."  Noreoveri  if  it 
is  in  che  negaclve,  ic  will  also  show  up  in  the  print.    To  pro- 
duce good  prlncs,  especially  enlargemenca,  it  la  helpful  to  start 
with  a  good  negative.    Howivor,  in  aerial  phocc^raphlc  eituatiena 
leaa  than  Ideal  negativea  will  1m  received  at  tiaiee. 

The  following  proceduree  outline  the  gmeral  procedures 
used  In  projection  printing.    Altiiough  they  apply  specifically 
to  the  tll-S2B  uaed  in  thle  couree,  they  can  be  applied  (with 
slight  Modification)  to  othsr  projection  printers. 

1.    Install  the  proper  lens  for  the  else  of  negaclve  being 
used  and  the  desired  print  size.    Plug  che  prlncer  inco 
Che  tlner  and  che  ciaer  Inco  che  appropriace  electrical 
oticlec. 

.'.    Chfc  k  thf  conUenser  leno  to  see  chsC  Ic  Is  properly 
positioned  In  the  leap  house  asaeably.    Sec  che  caa 
follower  wheel  on  the  cam  so  chac  iC  la  laacched  with 
che  proper  lens. 

3.  t^rn  off  the  roan  lighcs  and  curn  on  che  safel^hcs. 

4.  After  an  Initial  flwnusl  sdjuscment,  the  lens  Is  kept 
in  focus  for  all  Mgnif icacions  by  an  autofocuaing 
device.    This  device  consists  of  a  special  cao  cut 
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CO  MCch  the  lens  %*)Mract«rl«tlc«  and  «  c««i  follcwvrt  tM 
cam  leXlQwcr  ctumgfit  the         to  negfttlvc  dl»tiim«  ft«  ^« 

to  iaage  dl«t«nce.  Uhm  Imias  arc  changad,  tlia  caa  foliaMar 
Bust  ba  chai^ad  to  tha  aatching  ca». 

3.    Select  the  appropriate  sise  iwgativa  carrier  for  the  nsfACiva 
being  printed.    Insert  the  negative,  anulaion  doim«  on  the 

liotton  of  the  carrier. 

6.  Raise  the  latap  house  assenbly  and  install  the  nagativa 
carrier  on  the  fila  stage. 

For  roU  filn,  insert  the  fils  in  the  left  bracket 
assembly  of  the  spool-type  carrier.    Thread  and 
att^h  the  film  to  the  enpty  spool  in  the  right 
bracket  assenbly.    Rotate  the  crank  of  tha  right 
bracket  assenbly  to  bring  the  desired  n^ativa 
into  position. 

7.  Set  the  lens  aperture  wide  open  by  turning  the 
diaphragm  control  counterclockwiea.    Itirn  the 
tiioer  cQtntrol  to  "focus." 

8.  Place  a  sheet  of  white  paper  in  tha  projection  printii^ 
easel.    Loosen  the  brake  Imob  and  raise  the  carriage 
assembly  to  its  highest  position  by  turning  tha  hand- 
wheel  knob.    Focus  by  making  adjuamants  with  thM 
focusing  knob  until  a  sharp  la^e  is  obtained. 

9.  Lower  the'  carriage  assembly  by  turning  the  hsndiihaal 
knob  until  the  desired  size  is  projected  on  the  white 
paper.    Tighten  the  carriage  brake  knob  finger  tight 
Adjust  the  easel  position  to  produce  the  desired 

cropping  in  the  photograph. 

CAUTION:    To  avoid  datoage  to  the  carriage  gears,  always 
*  loosen  the  brake  knob  before  turning  the  hand- 

wheel  knob. 

10.  Stop  drtvm  the  dl.iphragm  to  the  desired  opening..  The 
exact  amount  that  the  lens  diaphrsgm  should  be  closed 
is  difficult  to  dccerTBlne  without  experience.    Try  to 
control  the  illumination  so  chat  the  exposure  raquirpa 
from  3  to  10  s^onds      It  is  suggested  that  the  lens 
be  stopped  down  two  tc  three  stops  from  buucIbus 
aperture. 

11.  Turn  the  timer  switch  from  "focus"  to  "tine."    Cut  a 
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Bhc$ec  Of  prt^jivclon  paper  into  tMC  ccrip*  nlMiit  2*iftthO 
<S  csntimt^^y  %ride.    Lower  th«  «fttr  u^l^  ch* 

12.  It  grade4  paper  U  beii^  uMd,  8cl«ct  •  grade  of  the 
proper  contrast.    If  varUble  contrast  papar  is  utad, 
position  the  proper  filter  in  front  of  the  laas.  (In 
lieu  of  experience,  aaauae  that  the  negative  haa  norMi 

contrast.) 

13.  Renove  the  white  paper  from  the  eaael  and  place  a  taac 
strip  in  the  easel  wieh  the  enulsion  aide  facing  the 
lens.    Include  highlight,  middle  tone,  and  ahadow  areas 

in  the  test.    Make  a  series  of  expomres  on  one  teat  atrip. 

* 

U.    Process  the  cest  strip  or  strips.    Be  sure  to  use  a  68*  F 
(20*C)  solution  taaperature.    Develop  for  90  aeeoiida. 

15.  Judge  the  test  strip  for  contrast  and  expopure.    If  the 
test  does  not  fall  within  the  desired  range  of  tone  and 
concraat,  make  additional  teats  until  both  are  detet«in<id. 
Use  Che  same  proceaalng  tlmea  for  each  teat. 

16.  Using  Che  exposure  and  conttast  determined  by  the  teat, 
make  the  desired  number  of  prints  on  full  sized  paper. 
Position  the  paper  in  the  ebael  ao  that  the  bordara 
and  composition  are  corr^t.    Procaas  the  priata 
exactly  the  same  aa  the  test  stripe. 

Projection  Printing  Controls 

Not  all  negatives  ate  perfect,  by  applying  dodging,  burning- 
in  ami  contrast  cpnirol,  the  appearance  of  the  final  print  can  be 
improved  • 

DODGING  AND  BURNIND-IS.    Dodging  Is  holding  back  the  light 
from  »pecific  areas  for  part  of  the  exposures.    Meanwhile,  the 
major  portion  of  the  print  is  given  normal  cocpoaure.  Dodging 
is  umM  to  prevent  cert.iin  areas  of  the  print  froei  becoalm 

ruu  durk. 

Iliitnlng-ln  in  aUdinn  additional  light  to  specific  areas 
.li  ter  the  coropietlon  ot  the  primary  exposure.    During  burnii^- 
iri,  ilw  major  portion  of  the  print  is  receiving  no  more  additional 
exposure,    flurning-in  bring!  out  detaU  in  print  areas  that  tend 
to  be  too  light. 
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Dodging  and  burning~ln  are  techtii^es  thac  are  refiB«d  by 
practice    While  learning  these  techniques,  observe  certain  pvn 
cautions.    For  ex^ple,  an  easential  part  of  these  tcttluil^itaa 
Is  to  keeii  the  <todglE«  or  bti^nlng-ln  daviee  in  conttimt  Beelon 
during  ttw  exposure.    This  is  necessary  to  blend  one  araa  into 
another  without  a  noticeable  dodging  or  burning  line.    If  the 
device  is  held  steady'durlng  the  entire  period  of  its  uaa,  a 
definite  line  will  be  formed  between  the  two  exposures.  This 
Is  uns.itlaf  actory . 

The  devices  used  for  dodging  and  burnlng-in  tm&A  not  be 
complicated.    As  shovm  in  Figure  3-5,  the  operator's  hands  nay 
be  used  for  dodging  or  burning-ln.    Another  slaple  device  for 
dodging  is  a  piece  of  opaque  material  attached  to  a  stiff  wire.. 
This  is  then  held  between  the  lens  and  the  rawstock  blocking 
the  light  on  specified  areas  of  the  prints.     (See  Figure  3-6.) 

An  %paque  sheet  with  a  hole  to  allow  passage  of  light 
makes  a  very  useful  burning-in  device.     (See  Figure  3-7.) 


I3W 


rigurc  UsLig  Ll>u  Hands  for  Dodging  or  Burning' In 
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It  U  ttonecijQutt  •dvisAbie  co  have  a  l«rg«  burning-in  davifi* 
with  aeviral  openlf^a  avall«blei  Cor  use      RMd«di«    Vlth  Aieh 
a  device  and  a  bit  of  ingttiailcy,  the  operatpr  can  ftsVa  alaor 
modifications  in  the  opening  ahape  with  the  flngwra  or  snetbtt 
aheat  of  paper.  . 


Figure  3-6.    Using  a  Wire-  Figure  3-7,    Ualog  an 

Supported  Dodging  Device  Opaque  Sheet  for  Burning 

in 


Tliu  closer  Lite  dodging  device  is  held  to  the  lens,  the  larger 
Its  imag«  on  the  paper  will  be.    When  the  device  is  held  clcse  to 
cht;  paper,  thi-  siztJ  of  the  shadow  closely  approaches  that  oi  the 
devicu  Itself .    Also  the  closer  the  d^lce  is  to  the  lens,  the  less 
dlstini  t  £is  Inagt  will  be.    The  closer  the  device  is  to  the  paper, 
thtf  more  sharply  di-flned  will  be  its  shape  and  its  edges.  Noranlly, 
It  ifti  best  to  iiee  ;my  dodging  device  relatively  close  to  the  lens. 
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It  unds  to  pfixlui  i«  bi'iior  blending  of  thv  CKpotiure  given  each 
of  th«  print,  less  motion  U  re<iulred,  and  the  device  can  be  relattirely 
finall  in  alsc. 

The  relative  aoount  of  expoaute  given  each  area  la  an  laC*q|ibl« 
factor  and  only  experience  or  test  exposures  can  produce  tha  csact  aai- 

posure  tines  required. 

COimuST  CONTROL.    Contrast  is  controUad  in  projection  pnAtlflf 
through  the  use  of  graded  contrast  or  variable  contrast  papara. 
After  making  the  test  strips.  Judge  the  stripe  for  contraat.    If  tJy 
contrast  is  unsatisfactory,  change  to  another  contrast.    Uae  tha 
same  criterion  as  used  in  contact  printing  for  detamining  the 
correct  contrast  grade  oi  contrast  filter. 

REVIEW  QUESTIONS 

DO  NOT  WRITE  IN  THIS  SW-USE  A  SEPARATE  SHEET  OF  PAPER 

1.  How  is  the  size  of  the  projected  liaage  controlled? 

2.  What  are  the  two  basic  types  of  projection  printers? 

3.  Why  is  the  diffusion  type  projection  printer  never 
used  in  aerial  photographic  labor atoriea? 

4.  Why  are  condensing  lenses  employed  In  projection 
printing  equipment? 

5.  What  are  Newton  rings? 

6.  What  Is  the  light  source  of  the  Durst  X-184M  projection 

printer? 


WliaC   lenHi'9  art-  supplied  with  the  EN-52B7 


8.  Kxplain  the  procedures  in  making  a  test  strip  for 
pruji'i  tlnn  printing. 

9,  Why  is  it  important  to  keep  the  dodging  or  burning'in 
device  in  constant  motion  during  its  use? 

10.     How  is  contrast  controlled  In  projection  printing? 
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RKACTICAL  EXtRCISKS 


EXSiCISE  I 


EQUimiiT  AND  SUPPLIES 


EN-S2B  projection  printer 

Printer  timer 

Glass  n^^tivt!  carrier 

Continuous  tiner 

Thsrmoacter 

Print  Washer 

Print  dryax 

Laboratory  faciUtlea 

Processed  aerisl  ntigatlves 

Variables  contrast  projection  paper 


..  PROCEDURES 

1.  Obtain  tlu'  necessary  chemicals  for  processing  paper  froa 
the  chemical  mix  section.    Set  up  the  processing  trsya 

and  use  AFD  tf2S,  diluted  L:2. 

2.  Check  the  projection  printer  as  follows: 

a.  Inspect  the  printer  for  clesnllneas  and  esse  of 

operation. 

b.  Clean  the  lens.    If  necessary,  brush  it  with  a 
camel's  hair  brush. 

L  .     U  the  printer  has  interchangeable  condensers, 
ensure  that  the  set  natehiog  Che  lens'  focal 
length  is  clean  and  properly  installed, 

d.    Chet  k  the  cam  follower  wheel  to  make  sure  that  it 
is  on  the  proper  track  to  astch  the  focal  l^igth 
of  the  lens. 

J.    AdjuHi  the  printing  easel  to  give  8  x  10  inch  (200  x 
2'jOnim)  prints  with  a  border. 
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0"  ? 


Baals  of  Issue 

1/ student 

1/ student 

l/student 

B/class 

2/eUsa 

1/clssa 

l/class 

l/clasa 

As  nsadad 

IS  aheats/ student 


Place  ehe  atrUI  otgAtlve  In  thr  carrier  ttnd  iamt 

it  into  eh«  printer. 

Polidw  chs  inttruetlfms  ^tiimd  in  tH9  SV  fov  asllllti 
ttft  ttrlpt  end  pr&nct.    The  prints  MUST  iMVt  aeccpttlbl^ 
density  and  contrast. 

The  first  print  must  show  an  much  of  the  negative  as 
possible. 

After  asking  a  satisfactory  print  of  tha  entire  neg«tiv«t 
consult  the  instructor.    The  instruct^  will  choose  an 
ores  of  the  photograph  which  is  to  be  enlarged. 

At  the  instructor's  direction,  wash  and  dry  the  printa. 

Clean  the  laboratory  and  return  to  the  claasrooai  for 
a  critique. 
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Lowry  AfBt  Colorado 


Oetoter  1977 


ITEP  NiBE  nZKTXlB 


OBJECTIVE 

Using  a  Mark  II  R5A  printer,  Ver«M»t  UOI  processor,  Mgatives, 
and  printing  ••tert«l«,  produce  prints  in  the  contact  and  projaction 
nodas  at  oparstion.    Printa  wiet  be  free  of  phyalcaX  ftnd  chaaical 
deCecta  and  vuit  have  acceptable  damity  and  contrast. 

INTRODUCTION 

Aerial  photographic  reconnaissance  requires  superior  tone 
repraduction  which  leads  to  high  infomation  content  and  Intel- 
Ugenee  infornjatlon.    These  factors  laay  be  preaent  on  the  original 
fwgative  or  they  may  not  be.    If  they  are  included  in  the  original, 
can  thay  be  retained  through  a  series  of  reproductive  generations? 
If  they  are  not  present,  can  they  be  ia^rovad?    Tone  reproduction 
Is  twt  now  sn  artistic  endsavor  as  It  onca  was.    Nor  U  It  a  hit 
or  aiaa  Mthod.    it  is  a  fieW  where  pr^^iaa  methodology  and  pur- 
poaaful  thought  can  and  qsiat  be  applied. 

mroniATioii 

MARK  II  R3A  STEP  MODE  nUMTER 

In  recent  ye«irs,  several  laportant  developvente  relating  to 
Inprovsd  tone  reproduction  have  occurred.    Perhaps^tha^ noat 
spectacular  development  has  been  the  autbs«t4ic-40dgl»g  printers. 

Oeaerlption 

Tht«  M4ik  U  KbA  printer  pruduces  contact  or  doublc-aiacd 
proiectton  print*.    It  j^an  print  fro«  aerial  n^ativea,  medical 
and  scientific  negatives,  x-rays,  and  ordinary  negativea  in 
specified  fortast  sizes.    It  retains  oiaxteua  detail  in  all  areas 
and  can  be  operated  manuaUy  ok  autoaatlcally.    When  operated 
auCflnacically.  tb«  Mark  II  R5A  can  produce  up  to  119  good  priata 
before  the  autonatlc  roll  paper  traneport  Mt  be  reaet, 

^wacock  is  fed  thr£Htgh  the  printer  nanually  or  autoMtically 
by  the  foil  paper  transport  (RPT).    The  platen  hood  ssseably  holds 
the  negative  and  rawatock  In  close  contact,  slaiilsr  to  the  plsten 
on  ttw  QI<"22A  maimal  contact  printer.    Howiver,  the  platen  hood 


on  the  Mark  II  R5A  can  be  operated  autwaatictlly  iby  tht  wtoMtlc 

platen  lifter  (APL).  / 

y       ,        ^   . 

7h»  RPT  has  an  edvanciai  spawi  of  S-inclwa  (i3c«)  ?«r  mcwkI. 
It  will  advance  the  paper  fro«  S-to  ao-lnchas  (20  to  5l«)  with  an 
accuracy  of  +1/8  Inch  (3.2«.).    It  can  handXi  rawatock  up  to  9.5- 
inches  (24.ir»)  wide  and  up  to  spO-feat  (152  m)  long.    The  Mark 
II  R5A  accepts  single  weight,  double  weight,  and  water  proof 
paper  or  film  In  sheet  or  roll  form. 

CAUTION:  Never  use  flla  with  an  opaque  backing  on  the 
Mark  II  R5A.  Damage  to  the  cathode  ray  f-ube 
wllfl  result. 

The  printing  light  source  Is  a  cathode  ray  tube  located  near 
the  bottom  of  the  cabinet.    This  cabinet  also  houses  a  lens  box 
asaenbly,  two  lenses,  electronic  circuits,  and  power  auppllaa. 
One  of  the  lenses  Is  a  lia«  focal  length  usad  for  contact 
printing  and  the  other  is  a  138nn  focal  length  uoed  for  pro- 
jection printing, 

A  photonultlpller  tube  (FMT)  is  located  at  the  rear  of  tha 
j^ood  assembly.    The  PMT  controls  the  exposure  and  dodging  •y»J«- 
This  PMT  is  expensive  to  replace.    Never  low  tha  hood  aaaanoiy 
with  the  main  power  on  and  the  room  lights  on.    ^ctremo  darnga  to 

the  PMT  will  result. 

All  controls  are  located  on  the  front  of  the  hood  aaaambly, 
on  the  front  of  the  cabinet  or  to  the  right  aide  of  the  cablnat. 
In  addition,  there  is  a  safellght  and  a  white  light  ^•^•J^ 
cabinet.    All  indicator  lights  and  the  safellght  can  ba  dlwad 

during  operation. 

Exposure  and  Dodging  Systems 

The  Mark  II  R5A  operates  on  the  principle  of  incremental 
exposure  control.    Several  small  areas,  or  increntnts.  approximately 
1/4  inch  (6.Amm)  wide  are  exposed  at  one  time.    Automatic  controls 
keep  the  average  density  of  each  area  the  same  as  that  of  every 
other  area. 

raiFOSURfc.  AND  DODGING  METHODS.    As  the  lK>od  is  closed  aod 
exposure  begins,  il«  cathode  ray  tube  (CRT)  projects  •  "P^t  of 
light  upward  through  the  negative  onto  the  rawstock.    This  spot 
sweeps  back  and  forth  across  the  negatives  and  moves  down  the 
negative  exposing  the  entire  negative  area.    The  rate  of  the 
sweep  is  determined  by  the  IMT. 
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Tha  nrr  taeAtures  the  flsount  of  light  {staslng  ehrough  ch« 
neifative  mad  rsvstock.    Xo  Clie  denser  negative  Ar«sSt  I«m  ligtic 
ehroagH.    The  INT  memmteM  thU  M  ^Imm  ete  r«c«  c€  tte 
sweep  to  give  this  areM  ncnre  es^osure  tlae.    The  opposlc*  l9  Ctu« 
with  thin  negative  areas.    A  great  Mount  of  light  paaau  chrengb 
the  ravecock,  therefore,  the  IMT  ineraatea  tha  apaad  of  ttm 
poaure  8i#eep. 

%hc  sweep  speed  change  is  almost  instantaneous.    Over  large 
areas  or  between  areas  having  snail  density  differences,  the 
dodging  effect  is  very  uniform.    However,  there  is  sooe  border 
enhancmant  where  the  scanning  spot  moves  froa  a  dense  area  to 
a  thin  one.    Since  the  scanning  spot  has  a  finite  alxe,  it  re- 
quirea  a  certain  time  to  move  across  the  border  bettwan  the 
adjacent  density  areas.    During  that  tiae,  the  feedback  signal 
froo  the  FMT  will  call  for  a  large  quantity  of  light.    Tha  spot, 
having  partially  entered  the  thin  area,  will  tend  to  o^raxpoae 
the  thin  area  until  the  feedback  signal  catchaa  up  to  the  spot 
position.    This  effect  Is  shown  in  Figure  4-1. 

Higher  than  normal  density  will  occur  at  this  border.  In 
one  raspact  this  can  be  an  advantage.    This  edge  enhanceaant 
will  csuae  the  edges  of  an  object  to  be  mora  dearly  doflnad. 
Ob  the  other  hand,  edge  enhancement  could  poaslbly  interfere 
with  accurate  raaasuremcnts  of  objects.    Novlxig  the  spot  from 
a  thin  area  into  a  dense  one  would  reault  in  the  oppoalta  affect. 
Tha  dansa  border  would  receive  less  than  a  nmrmal  exposure,  hmce 
it  would  be  defined  by  a  thin  edge. 

BCPOaURE  N(»ES.    The  printer  Is  equipped  with  an  expoaure 
mode  Bwitch  with  three  positions.    TEST,  MAHJAL,  and  MJTWkTXC. 
It  tha  TEST  position,  the  CRT  is  fully  lit  to  allow  raatar  ad- 
)uBtnent.    The  raster  adjustm«tt  alters  the  light  alse  to  fit 
the  negative  sl«e.    The  TEST  position  also  allows  for  adjustHant 
of  the  mask.    (See  a  following  section  on  raater  and  maak  adjust- 
^^ent.)    In  MANUAL  position,  the  PKT  is  off  and  there  la  no  dodging. 
In  the  AUTCMATIC  position,  the  BIT  is  on  so  that  dodglxlg  and  ex- 
posure are  automatic  as  long  as  negatives  of  the  same  approxinate 
density  are  being  printed.    If  negatives  are  chan^,  or  If  tture 
is  a  radical  change  In  density  to  which  the  printer  cannot  adjust, 
the  exposure  Index  must  be  reset. 

HASKINQ  AND  OVERSCAN.    A  mask  of  colored  acetate  is  placed 
aroimd  tha  image  trea  of  th&  negative.    The  purpose  of  this 
masking  is  twofold:    It  prevents  extranemis  light  ftoa  reaching 
the  FNTl  and  It  minimises  border  enhancement  caused  by  the  spot 
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Figure  ^-1.    Border  Enhancement 


as  it  leave?  the  negative  image  area  and  enters  the  tmnvpartat  border. 
If  extraneous  light  reaches  the  PMT,  exposure  and  dodging  control  will 
be  reduced.    Achieving  either  or  both  purposes  completely  Is  unlikely. 
Basically,  for  best  results,  two  masks  should  be  used  at  £oXlo««s 

'  1.  Use -a  mask,  approximating  the  density  of  the  negAtiv«t  that 
extends  outward  from  the  negative  Inage  sr««  for  1/2  to  3/4 
inch  (13  to  19inm) .    The  mask  must  extend  beyond  the  outer 
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edge  of  Che  raster  overscan. 

2.    Use  a  second  mask  of  hj^h  density,  esaentiaily  opAque, 
•xeundlng  co  che  edgs  of  the  printing  stage.    The  epeniiig 
for  this  mask  nuat  b«  Urge  enough  so  that  no  pert  of  the 
raster  is  covered. 

NOTE:    Generally,  results  are  good  enough  «#ith  only  the  first 
mask,  so  that  the  second  mask  Is  not  usually  used. 

In  practice,  greun  masking  material  Is  used  with  a  nomal 
negative,  red  with  a  dense,  negative  and  blue  %rith  a  thin  negative. 
However,  if  these  colors  are  not  available,  an  aaber  maak  will  be 
acceptable  for  any  negative. 

Raster  overscan  is  required  in  order  to  prevent  a  black  border 
at  the  right  atui  left  edges.    Seme  overscan  is  also  requivred  at 
thi«  top  and  bottom  edges  because  the  starting  and  ending  lines  of 
the  raster  are  not  always  conplete.    Gsnerally,  the  overscan  should 
be  at  least  1  1/2  spot  diaaeters.    This  ukas  the  overscan  3/8  to 
1/2  inches  (10  to  13fan) . 

CAUTION:    No  part  of  the  raster  should  be  ossked  by  an  opaque 
area.    If  t^  scanning  spot  is  opaqusd  out  of  view 
of  the  FNT.  the  spot  vrill  slow  dom,  possible  burning 

the  CRT  phosphor. 

Controls  and  Indicators 

The  controls  and  indicators  are  illustrated  in  figures  k-TL, 
4-3,  and  k-U.    Tables  4-1,  4-2,  and  4-3  describe  the  functions. 
Table  4-1  describes  the  power  control  panel  irtiich  is  on  the  printer's 
hood.    Figure  4*-2  illustrates  this  panel.    Figure  4-3  corresponds 
to  Tabls  4-2  and  Illustrates  the  function  control  panel.    Table  4-3 
describee  and  Figure  4-4  Illustrates  the  Roller  Paper  Transport  CRPT), 
cabinet  and  Automatic  Platen  Lifter  (APL)  controls  and  indicators. 
Study  these  carefully  before  attempting  to  use  the  Mark  IX  &SA. 
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9    Figure  4-2.    Power  ConCrol  F«a*l  8 


Table  A-1.    Power  Control  Panel  Control!  and  Indicators  • 


INDEX  NO.  CONTROL  OR 

(SEE  Figure  4-2)  INDICATOR 


2 
3 
4 

5 

6 
7 

8 
9 


Indicator  fuse  holders 

MASTER  POWER  switch 
TRANSPORT  POWER  awitch 

LIFTER  POWER  switch 

NEGATIVE  CARRIER  power 
switch 

SAFE  VIEW  LIGHTS  DIM 
potent  ioroeter 

SAFE-WHITE  VtEW  LIGHTS 
selector  swttrh 

MtuKf  Handle 

DIMMER  potent  iomett^r 


FUNCTION 


Lights  to  indicate  powr  on  and 
fuses  good 

Controls  powsr  to  entira  unit 
Controls  power  to  RPT  and  APL 

Controls  powr  to  APL 

Controls  po««r  to  negative 
carrier  and  filter  holder 
solenoids  at  lens  box 

Reduces  safe  view  lamp  latan- 
slty 

Select  WHITE  or  SAFE  view  lamps 

Latches  hood  down  and  starts 
exposures 

Reduce  fuse  indicator  la^p 

intensity 
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Figure  4-3.    Function  ConCrol  Panel 
TAbltf  4-2.    Funcciun  Control  Panel  Controls  and  Indicators 


— mGTm.  


CONtlOL  ok" 
IWWCATOl 


PMT  Mt«r  w/UMnial 
vi«w  Imp 

umir  MPiech 
exmuu  iMDix 

WIM  flvtceh 

RASTeH  edM  eoatrela 

F.XP09XNC  \mmp 


EXrOSXNG  laiBp 
diMr 

SmiTIVITT  adjtiat- 


NMiurat  Ficr  e«ifr«8t  «ili«a  call- 
braciai  afatMfe  «m4«1«ii  «Mid 

out  MViat  HooA 


Previ4t0  calibrated  «spMur« 
•djMCMMt  ffrM  10  to  1000  wilt* 

Pmidaa  elioiea  of  TEST,  HMIOAL, 
or  AmO  opoHTtiKK  aodos 

Allow  Indivl^uil  ooloctloo  of 
rotter  udfie  pMiltloti 

Lighto  to  indicate  that  printer 
ia  in  axpoiure  poaitlon  of  cycle 
(■■Buai  aad  autoaatic  apdts  e.ily) 

Allova  docroaaod  loval  of  iadica- 

and  WOf  W  laop 

Adjuat  gain  df  photo-aaltipliar 
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T«bl*  4-3.    Roll  Fap«r  Tr«a«pore,  Cabinet*  AucomcIc  PXataa 
Lifter  Controls  and  Indicetore 


INDEX  NO. 
(SEE  Pigure  4-4) 


CONTflOL  OR 
INDICATOR 


FUNCTION 


1 
2 


A 
5 


RPT  print  counter 
RPT  counter  reset 


RPT  paper  advance 
revoluticm  counter 


APL  fuse  holder 

APL  SINGLE/MULTIPLE 
PRINT  switch 

APL  print  counter 


APL  print  counter 
reset  button  switch 


Ntsaber  of  RPT  advances 

Thumb  wheel  to  res«(  countet 
to  «ero  j 

Provides  adjustnent  of  paper  ad- 
vance 8  to  20  ^  1/8  in.  (20  to 
51  CM  4  3.2aM} 

Itolds  APL  fuss 

Disables  saotor  control  circuit 
for  single  print  operation 

Allows  nuaber  of  dssirsd 
prints  bs  dialed  in  for 
auC<Msatic  rapsac  adoration 


Start  switch  for  Auto  Rapaat 
operation 


Operation  of  the  Mark  II  R5A 

Follow  these  directions  carefully  when  operating  the  Mark  II  R5A. 
This  ensures  the  best  results  and  the  mlnlnun  of  problens. 

PRSLMINARV  INSTRUCTIONS.  Follow  these  general  preparations 
when  using  the  Mark  II  RSA  regardless  of  the  type  of  printing  to 

be  done. 

1.  Ensure  thai  the  power  cord  is  connected  to  105-130-volt, 
60>-He{'t2  Input  power  receptacle  and  to  an  external  power 
source.  Never  operate  t'^  printer  without  an  electrical 
ground  connection. 

2.  Cheek  tSat  the  RPT  power,  the  AFt  power  and  the  ni^tivs 
power  ore  off. 
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3.  Ch«ck  Che  alrbag  InfUcion  by  raisiag  and  Imring  tTit  tioo4 
assembly  several  tiaes.    The  slrbag  holds  Che  printisi  Mt«rUl 
and  a«t*(ivs  ia  contact  during  the  contact  MMta.    SB  ttm  pW9» 
jectlott  mode,  it  preyents  wrinkles  or  »U  bubbles  bcMM  ttm 
printing  material  and  the  printing  stage.    Osa  a  epriBg  balance 
to  aeasure  the  alrbag  preasure.    Attach  the  aprlng  balAOta  to 
the  platen  handle.    Place  a  saaple  of  negative  and  ravstock 

on  the  printing  stage.    Close  and  lock  the  hood  by  puUing 
dovm  on  the  balance.    If  the  hood  locks  at  a  weight  Indica- 
tion of  8  to  12  pounda  (3.6  to  5.4  kg.)  airbag  preseura  is 
satisfactory. 

4.  Ehsure  that  the  printing  stage  is  clean  and  free  of  duat  and 
fingerprints. 

CAUTION:    Never  have  the  hood  down  with  the  power  on  and 
the  normal  room  lights  on.    Danage  to  the  WT 

will  result! 

5.  Raise  the  hood  to  the  maximum  up  position.    Set  the  HASTER 
POWER  switch  to  ON  and  allow  a  30-aecond  wartaup  tiaa. 


CONTACT  MODE.  Follow  this  step-by-atep  procedure  to  operate 
the  printer  In  the  contact  mode.    Remember  rawstock  nay  be  either 

In  roll  or  sheet  form. 

1.  Be  sure  that  the  proper  lens  for  conUct  printing  ia 
securely  in  place.    The  112mm  lens  is  used  for  general 
contact  printing.    Select  a  mask  of  proper  density  and 
size.    (See  Figure  4-5  for^placoaent  of  the  nask. )  Turn 
off  all  lamps  except  safe  lamps  and  adjust  SAFE  VIEW 
LIGHTS  potoitlometcr  for  the  brightneas  level  daaired. 

2.  Set  the  MODE  switch  to  TEST.    Adjust  all  raster  edges 

Lo  fall  inside  the  mask  cutout. 

3.  Place  a  sample  of  the  unexposed  rawstock  over  the 
cljtouc  and  di&erlapping  the  mask  on  all  four  sides. 

4.  Close  and  latch  ttw  houd.    Read  the  PMT  sensitivity  on 
Che  meter.     Set  the  SENSITIVITY  adjustment  to  bring 
the  seriBlLivlty  reading  to  25  (midscale)  on  the  meter. 

5.  RaiHc  the  iiood  and  remove  tlte  rawstock  sample. 
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id\    CUT  Out  lAME  Itit  *l  ktGATlVl  AlllA  TAM  TQiAlIf  AMP  IQVffi  «AAK 

CI)    t  AUC  TO  PVlMTtMC  ftTACf  MlHTwe  ftTAOf 

Ul  ^tUlTtltGllATMlAi 


Figure  4-5.    Mask  PlacMtnc 


6.    Adjust  t\)^  RASTER  corurols  until  the  rasters  extend 
appruximately  1/2  inch  (llm)  beyond  thm  cutout  into 
the  mask  on  «U  four  sides. 

Set  the  MODE  evltch  to  AUp. 

NOTE;    Step  8  appll^ti  only  when  the  exposure  index  Is 

unknown.    If  the  exposure  index  Is  know,  proceed 
to  step  9. 

8,    Kske  a  tent  print  using  the  exposure  index  calibration 
ahe^t . 

s»    SfJm  .1  tu*K^itivu  liui  nme  slae  ss  the  cutout 
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area  vleh  avarage  dmsity  and  aoo^e  detail.    Tape  the 

negaelve  beneach  the  mask  with  the  emulsion  up.  The 
'\  liiiag^  areas  of  the;  negative  stould  coincide  iflth  Mik 

cutout  edges. 

b.  Obtain  a  piece  of  unexposed  ravstock  approxiaataJly 
the  else  of  the  negative.    Place  the  callbr«tor 
(emulsion  side  up)  behind  the  material.    Fold  the 
numbered  flap  of  the  calibrator  over  the  raimtock 

BO  that  the  numbers  overlap  the  ravstock  emulsion. 
Place  the  rawstock  (emulaion  down)  and  calibrator 
on  the  negative  with  the  numbered  flap  on  the  right 
hand  side. 

c.  Set  the  EXPOSURE  I^B)EX  avitch  to  10.    Lower  the 
hood  asaembly  and  lock  it  in  position.  During 
exposure  the  EXPOSIIC  Indicator  lamp  is  lit.  When 
the  indicator  lamp  goes  out,  raise  the  hood  asesBbly 
and  remove  the  exposed  ravstock. 

d.  Process  the  exposed  rawstock. 

e.  The  numbers  on  the  left  side  of  the  test  print  ^re 
exposure  index  settings.    Use  the  nimber  beside  ths 
area  of  best  exposure  as  the  proper  setting  for  the 

rawstock  tested. 

If  all  areas  of         test  are  too  light,  repeat  the 

test  with  the  EXPOSURE  INDEX  set  to  100.  Multiply 

the  number  beside  the  area  of  best  exposure  by  10 

to  obtain  the  exposure  index.  \ 

f.  With  the  EXPOSURE  INDEX  switch  at  the  proper  setting* 

plac  e  another  sheet  of  rawwtock  (emulsion  doi#n)  over 
the  negative  and  ejcpose  it  without  the  calibrator. 
Expose  two  more  shec*ts — one  with  the  QCPOSURE  INDEX 
switch  one  setting  higher  and  one  with  It  set  one 
setting  lower  than  determined  by  the  calibrator, 

g.  Process  the  three  exposures  and  select  the  best 
exposure  index.    Set  the  EXPOSURE  IJfJEX  accordingly. 

NOTE:     Normal  xotm  lighting  may  be  ^sed  for  step  9. 

9,    Retsove  the  test  negative  and  place  the  negative  to  bs 
printed  on  the  printing  stage.     If  the  negative  is  in 


SW  C3A^23330  OOl-V-4 
12 


ERIC 


10. 


cut  lurre,  phicti  it   (cnuiitiint  up)  iiiuU«r  Chi*  cuCmiC  iirtMi 
MO  that  till  laayi-  aroatf  ^uitu       with  chr  cutout  tdi**. 
Tiip«  it  to  tha  pr titling  tfCago.     tf  lha  n«g«rivc  li  in 
roll  forn,  place  itia  roll  on  ilk*  apool  hoUtior  At  Cht 
laft  of  the  printing  stage.     Insert  an  enpty  ■pool 
holder  at  the  right.    Feed  the  negativ*  (MuXtion  up) 
owr  the  roUert,  under  the  aask  and  throad  it  into 
tho  empty  spool.    Poaitlon  the  negative  so  that  tha 
laoge  areas  coincide  with  the  assk  cutout. 

Turn  off  ail  but  allowable  safellghts.    Positton  the 
raws  Luck  (emulsion  down)  on  top  of  the  negative  (m 
the  printing  stage.    If  the  ravutock  is  in  roll  fora. 
thruad  it  according  to  Figure  4-6. 


SUPPLY 


NCOATlve 
8UFPUY 


/ 


PRINT  MATERIAL  EyULSION  OOiM 


NEOATIVE 


PRINTING  STAGE 


r 


Figure  4-6.    ConcacL  Mode  Threading  Diagram 
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U.    Set  the  MODE  t»witch  to  AUTO  and  the  EXPOSURE  IMDEX  twitch 
to  the  desired  position. 

12.  bower  the  hood  «»»e«t»ly  and  lock  It.    Exposure  b^lni 
sutonui  tic  ally  when  the  hood  is  locksd. 

13.  Unlock  the  pUten  handle  and  raise  the  hood.  Rnove 
the  exposed  rawstock  and  process  it. 

PROJECTION  MODE.    Operating  procedures  for  the  projection 
mode  are  very  similar  to  the  contact  mode.    Once  again,  follow 
these  steps  carefully  and  in  the  order  given  for  the  best 
results. 

1.  Set  the  f/stop  of  the  138i«b  lens  to  f/4.5.    Adjust  the 
PMT  sensitivity  as  before. 

2.  Set  the  MODE  switch  to  TEST.    Adjust  the  raster  control 
until  the  outlinp  of  the  raster  edges  barely  extends 
beyiTod  the  outline  of  the  projected  negative  carrier. 

3.  Place  a  mask  over  the  printing  stage.    The  BMSk  should 
be  large  enough  to  extend  beyond  the  printing  stage. 

Mark  the  mask  to  coincide  with  the  outline  of  the 
projected  negatiye  carrier. 

4.  Remove  the  mask  and  cut  out  the  Indicated  area.  T^t 
the  mask  to  the  printing  stage. 

NOTE:    do  not  touch  the  raster  controls  or  the  MSk  for 
the  remainder  of  t\\e  operation. 

NOTE:  Step  5  applies  only  when  the  exposure  index  is  not 
known.  Tf  tho  exposure  index  Is  known,  proceed  to 
step  6 . 

5.  Df terminc  the  proper  exposure  index. 

n.    Obtain  n  tost  negative  equal  in  »ite  to  the  lassk 

i  uttjut   area,  with  leader  extending  on  the  right 
and  lef  t  sides. 

b.    Open  the  cabinet  door,  unlatch  the  lens  box  and 
center  the  teat  negative  (emulsion  up)  in  the 
negative  carrier.    Close  and  li;tch  the  lens  box. 
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c.  Stsc  Che  NBCATIVE  CARRIER  switch  to  ON.    Adjust  th*  , 
negative  poaiclon  by  the  leader  until  the  proi«c€«4 
iMge  l8  centered  In  the  cutout  wree  on  the  pfrlatlsg 
■t«se . 

d.  Set  the  NEGATIVE  CARRIER  switch  to  CTf,  reiaove  the 
test  negative,  close  the  cabinet  door  and  est  the 
MODE  switch  to  AUTO. 

e.  Follow  the  instructions  given  In  the  contact  node 
procedures  for  using  the  exposure  index  calibration 
sheet . 

6.    Place  the  negative  to  be  copied  on  the  negative  carrier. 

a.  If  the  negative  Is  In  cut  form,  open  the  cabinet 
door  and  lens  box,  position  the  negative  on  the 
negative  carrier  (eimilsion  up)  and  close  the  lena 

box  and  cabinet. 

b.  If  the  negative  is  in  strip  or  roll  foria,  thread 
it  as  shown  in  Figure  <»-7.    Pwl  the  negative 
(emulsion  up)  over  the  stainless  steel  rollsr  to 
the  upper  right  of  the  supply  spool,  dowt  the  left 
side  of  the  cabinet  under  the  blacK  sluoinua  roller. 
Pass  the  negative  through  the  slot,  under  the  left 
aluminum  roller,  over  the  lower  negative  canrler 
and  under  the  right  black  almBlmn  roller,  ftrlng 
the  negative  up  the  right  side  through  the  slot, 
over  the  stainless  steel  roller  and  into  the  tskeup 
negative  hoUer.    Itirn  the  takeup  Sjiool  untU  the 
roll  of  negative  is  firmly  engaged.    Close  the  lens 
box. 

7.  Set  the  NEC/^TIVE  CARRIE  to  ON  and  position  first 
negstlve.  Set  NEGATIVE  CARRIER  switch  to  OFF  and 
close  the  cabinet. 


notej 


Before  proceeding,  turn  off  all  but 'allowable  safelights. 


8.    PluL-e  translucent  material  over  the  mask  cutout  on  the 
printing  stage.    Clwick  that  the  negative  Is  correctly 
positioned  for  proper  projection  on  the  printing  suge. 
Pocui  the  lens  if  necessary. 
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SUPPUY 


PRINT  MATOIIAL  EMULSKM  OOIVM 


NEGATIVE  C?^\ 
SUPPLY  KJ 


SLOT 
IN    »  i 
CABINET 


PRINTING  STAGE 


I 


"1 


^^NvN  NEGATIVE  SPOOL 


NEGATIVE 
EMULSION  UP 


NEGATIVE  CARRIER 


Figure  4-7.     Projection  Mode  Threading  Diagram 


9.     Set  the  MODE  switch  to  AUTO  and  place  rawstock  (emulsion 
down)  over  the  mask  cutout  on  the  printing  stage.     If  the 
rawstock  is  in  roll  form,  thread  it  according  to  Figure 
4-7. 

10.    Sft  the  DCroSURK  INDEX  switch  to  the  predetenDined  aetting. 
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11.  Lavsr  the  hood  a«««ibly  and  lock  it. 

12.  Aftfir  thti  eKposure»  unlock  tht  platen  handle  and  raiaa 
the  hood.    Remove  the  exposed  ravstock  and  {iroeaae  it* 

13.  Set  Ch«  NEGATIVE  CAfnm  Bvitch  to  ON  «nd  tht  MODE 
•wicch  CO  TEST. 

14.  'Tr«nfipor t  the  roll  film  to  the  next  trmaa  and  positloQ 

the  negative.     Set  the  MODE  switch  to  AUTO  and  the 
NEGATIVE  CARRIER  switch  to  OFF. 

MOTE*.     If  cut  flln  Is  uaecT  with  roll  ravstock,  place  an 

op«que  mafk  on  the  printing  stage  (luring  poaltloalog 
of  the  nf^ative.    The  nask  proven ts  tht  ravstock  fron 
being  exposed  when  the  lens  box  le  opened. 

RPT  AND  APL  OPERATION.    Using  the  Roll  Paper  Transport  (RPT) 
and  the  Automatic  Platen  Lifter  (APL>  frees  the  operator  fron 
raising  and  lowering  the  hood  between  expoaures  and  from  noniaally 
fetdloi  rawstock  into  the  printer. 

Before  using  the  RPT  and  APL,  set  up  tht  printer  for  its 
intsn^ad  use  (contact  or  projection  printing).    Decermine  the 
sxposuM  index  and  adjust  the  MT  sensitivity.    Than  throad 
t\m  mstock  (wulsion  down)  through  the  roUer  asaMb3y, 
serosa  the  printing  stage  and  Into  ths  takaup  spool. 

Ch«:k  that'  the  LIFTER  POUBl  switch  if  OFF  and  that  the 
AHL  la  in  ilngls  print  node.    Set  the  RPT  paper  advance  control 
to  the  proper  number.    (Ninety-six  is  the  spproxlaate  aattiag 
for  a  iO--inch  (25. 4cm)  long  original.    This  gives  a  3/4  inch 
(2cii)  ipsce  between  prints.)    Check  for  the  proper  arount  of 
paper  advance  by  marking  the  rawstock,  lowering  the  hood  without 
locking  the  handle  and  then  raising  the  '  cd.    Measure  the  distance 
froR  ^ht  first  position  to  the  mrk.    Adjust  the  paper  advance 
secordingly* 

Afc«r  any  final  adiustssents,  expose  the  emulsion,  raise 
the  huod  stvi  allow  the  rawstock  to  advance  before  making  the 
next  enposurc .    Rcapeat  as  necessary. 

l(  n  large  number  oi  prints  in  needed.  It  Is  be§t  to  use 
tilt.'  Autoi^tU-  Platun  Lifter  (APL.)    Prepare  the  printer  as 
beforti  and  sat  the  RPT.    Set  the  APL  print  counter  to  one  more 
than  ths  number  of  prints  required.    Ths  final  expoaure  la 
double;  thutt  the  extra  count  achieves  the  ra<iuirsd  mu^er  of 
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cop  ICR.    Set  the.APL  switch  to  hOJLTXrLE  PRINT.        .  ' 

Set  Che  LIFTE»  POWER  switch  «m!  the  iKANSPORT  POWat  fwUcti. 
to  ON.    ?u8h  the  V*hlte  APL  print  button.    Cioae  and  licch  ,tne  « 
hood.'    Operation  is  now  automatic.  «  - 

CAUTION:    Do*not  set  6he  print  counter  higher  than^reoulred. 

When  the.WPL  operation  hae  begjii),  decreastofe  th« 
dialed  number  of-  prints  causes  excessive  wear  on 

•  the  APL  counter.  ^ 

To  cum  the* APL  off.  set  the  APL  switch  to  SINGLE  PRINT 
and  turn  off  the  LIFTER  POWER.    The  APL  must  be  turned  off  at 
the  bottom  of  a  stroke  or  the  printer  will  not  operate  In  the 
manual 'or  automatic  modes. 

SHUTDOWN  PROCEDURES.    When  the  operation  of  the^  printer  ia 
►  completed,  'set  all  power  switches  to  OFF.     Set  the  MCOE  sifitch 
to  MANUAL.    Rai«e  the  hood  and  remove  any  unexposed  rawatock 
from  the  printer.     Leave  the  hood  In  the  raised  position.  Clean 
the  printer.  ^  ' 

After  each  seven  day  period,  . make  a -«et  of  dodjBed  and 
undodged  prints  from  the  standard  negative  or  step  wedge 
supplied  wltti  the  printer.    The^p»int8  should  be  nade  under 
carefully  controlled  conditions  »<ld  then  compared- with  previous 
prints.    Any  deviation^  should  be  checKed.  using  the  ulbuble- 
shooting  chart  in  Stction  VI  of  TO  10E8-2-19~ll.  ( 

Safety  Precautions  j  - 


The  Mark  II  R5A  Is  a  highly  sophl^aticatad  piece  of 
equipment.    Treat  it  as  such.    Do  not  operate  it  Without 

an  electrlc.Tl  ground  connection.  *  It  contains  very  high'  ^ 
electrical  voltage.    C.irelessness  ran  cause  damage  to  the 
machine  anU   injury  to  the  operator. 

Keep  hands  ^r^J  fingers  away  frcjin  the  hood  assembly  durii^ 
automatic  operation.     Be  extremely  careful  when  working  Inside 
the  cabinet  in  snfelight  cqndltions.     Electrical  shock  could 
result.     Never  operate  the  machine  with  wet  hands. 

\ 
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KKVXeW  QUESTIONS 

00  NOT  WRITE  IN  THIS  SVi  -  USE  A  SEPAItATE  SHEET  OF  PAPBl. 

1.  VhAC  ii  "Irvrenental  exposure  control"? 

2.  What  widths  and  longths  of  rawstock  does  the  Mark  XI 

H^A  accept? 

3.  Which  lens  is  uaed  for  projection  printing  on  the 
Mark  II  R5A?    Which  one  is  used  for  contact  printing? 

U,    What  is  the  purpose  of  the  TEST,  MANUAL  and  AUTGNATIC 
positions  of  the  exposure  mode  switch? 

5.  How  in  the  raster  adjusted  for  proper  length  and  width? 

6.  For  vhac  two  reasons  is  the  image  area  of  the  printer 
masked  ? 

7.  Why  Ifci  raster  overscan  required? 

8.  What  is  the  printing  light  source  of  the  Mark  II  R5A? 

9.  What  is  the  advancing  speed  of  the  RPT? 
10.    What  is  the  purpose  of  the  RfT? 

PRACTICAL  B(ERCXSES 


EXE31CISE  I 


EQUimENT  AND  SUPTLIES 


Basis  of  Issue 


Aerial  Ntga elves 

Masking  Material 

Printing  Material  Roll  Paper 

Versanat  IICM 

SKpoaure  Index  Calibration  Sheer 


2/cla8s 
As  needed 
As  needed 

30  feet  (9a) /student 


l/claas 
l/clasa 
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PKXEDURES 


1.  Prep*fe  the  printer  as  outHntd  In  thi»  SW  for  contact 
printing  with  roll  paper. 

2.  Deterwlne  the  expoaute  index  uaing  th«^B«poaure  Ind« 

Calibration  Sheet  as  outlined  in  t1^  SW. 

3.  Process  the  test  in  the  Versaraat  IICM. 

4.  Using  the  APL,  RPT,  and  an  aerial  negative,  taaka 
three  acceptable  prints. 

5.  Compare  the  results  of  the  finished  prints.  Inspect 
for  contrast,  density  and  physical  dofects. 

6.  Upon  completion  of  printing,  shutdown  the  printer 
as  outlined  in  this  SW. 

7      Shutdown  the  Versaoat  IICM  according  t"b  normal 

procedures  and  clean  the  lab.  Return  to  the  classroom 
for  a  critique  of  the  results. 


EXERCISE  IX 


EQUlPMEtrr  AND  SUPPLIES 


Mark  II  R5A 

Roll  of  5"  (12.7cin)  Aerial  Negatives 
Roll  of  printing  luaterial 
Masking  Material 
Versainat  UCM 

Exposure  Index  Calibration  Sheet 


Basis  of  Xfsus 

l/clMS 
As  noeded 

30  fest  (9»)/itudont 
As  neadod 

1 /class 
l/class 


PROCEDURES 


1.  Prepare  Li.u  printer  as  outlined  in  this  SW  for  projection 
printing  with  roll  paper. 

2.  Determine  the  exposure  index  using  the  Exposure  Indsx 

Calibration  Sheet  as  outlined  in  this  SW. 

3.  Process  the  test  In  the  Versamat  llOl. 
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Using  the  AFL,  RPT  And  «  normal  negaclve,  stake  three 
accepcabXa  projection  prints. 

Con^are  the  resuXte  of  the  flaiehed  prinea  «tui  lii»peet 
for  contrast,  density  and  physical  defects. 

Upon  eoBpIetlon  of  printing,  shutdown  the  printer  as 
outlined  in  this  SW. 

Shutdovm  the  Versaaat  IICM  according  to  normal 
procedureB  and  clean  the  lab.    Return  to  the  c&asroom 
for  a  critique  of  the  results. 


\ 
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CONTINUOUS  COLOR  PROCESSIHS 
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COLOR  THEORY 

OBJBCTIVES 

Provided  exerClees  pertatnlng  to  the  function  of  white  light  in 
forming  colors,  identify  color*  formed  by  additive  and  aubtractive 
means. 

Using  pro  ided  diagraroa,  vnrite  the  nanea  of  dyes  foraad  In  various 
color  film  emulsions  when  exposed  to  given  colors. 

Dascribe;  th^  oajor  characteristics  of  sotion  picture  sensitized 
BAtsrlsls. 

INTRODUCTION 

During  the  past  tew  years,  there  has  been  an  ever  increasing 
demand  for  color  photography  in  the  artaed  services.    >bch  of  this 
is  due  to  the  rapid  improvements  which  have  basn  made  in  color 
photographic  products  during  the  last  decade.    For  example,  eierlal 
ciSlor  ssulalons  are  now  capable  of  yielding  one  third  more  topo- 
graphic inforaution  than  do  production  typ«  black-and-white  films. 
As  color  quality  and  apasd  are  continually  bsiag  Improved,  more 
vidotprsad  usage  Is  IMlcated  for  the  future. 

Since  processing  color  photography  used  to  be  difficult  and 
time  consuming,  it  was  limited  to  Just  a  few  labs.    Now  moat  lab- 
oratories are  capable  of  processing  color  photography  without  ex- 
cessive fcxpense  or  extra  space  requirements.    New  processes  and 
•quipa«it  have  made  it  much  easier  for  the  photographic  technician 
to  process  color  photography  with  reasonable  assurances  of  obtaining 
satisfactory  results. 

INFORHATION 

LIGHT 

Most  of  the  prim  Iples  and  proc  edure used  in  color  photography 
are  adaptations  or  exEeniions  of  thi^se  u.'>ad  in  black-and-white  photo- 
graphy.   In  order  to  understand  colur  photography,  it  is  first  nec- ^ 
assary  to  understand  what  is  meant  by  the  terms  "light"  and  "color." 
Color  does  not  exlat  in  the  abaenca  of  light.    It  is  an  integral  part 
of  light,  and  since  this  Is  true,  a  logli  al  baglnning  poJat  la  a 
abort  raviaw  of  prior  atudlea  into  the  nature  of  light  itaalf . 
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>        The  tern  "Ught"  lw«  btwi  a«'f  hwd  «•  viPtbU  r*4Unt  •ntirtjf. 

To  be  more  .peclflc,  It  l«  nm-«.wry  ^ .ll'*?!  ^^2!  ' 
visible,  radiant,  and  energy  -  a»p«i..tily  and  In  «Dre  del«U.  ™ 
^e^  vlilble  IB  ieflned  a.  balng  detectable  by  the  ^j;*- 
describes  the  way  In  which  light  energy  Is  fitted  or  given  off  by  U. 
source.    Ehergy.  literally.  I.  the  abUlty  to  do  jiork.  T^*!"^^^^^"'' 
»ay  vary  ft<m  ralalng  the  temperature  of  an  •       "'^^^ISL  ^ive 

the  retina  of  the  eye.  or  causing  a  minute  change  in  the  photo-en.ltlve 
emulsion,  which  upon  development,  yields  an  Image. 

Electromagnetic  Spectrum 

Light  or  visible  radiation  occupies  a  very  email 
electromagnetic  spectrum,  embraced  at  one  end  of  the  ^^-'^^  ^J^^^J 

cosmic  rays,  and  at  the  other  end  ^'V/^^^^^T'^hf  ex^c^  oJihe 
a  mile  In  length.     By  referring  to  Figure  1-1.  the  extent  of 
^iLtro^agnetfc  spectrum  may  be  noted.    ^  J^' 
wMch  constitute  the  electromagnetic  spectrum  are  8""** 
rays.  X-rays,  ultraviolet,  visible,  Infr.ired.  and  radio  wavea. 


Figure  1-1.    Electromagnetic  Spectrum 


MI  forms  of  radiant  energy  travel  in  wave  motion  and  If  aeen, 
would  resemble  the  waveform  created  by  dropping  a  pebble  Into  a  etill 
pond.    These  forms  of  energy  travel  at  the  aane  treaendoua  apeed. 
about  186,000  rallee  per  second  (297,600  tan/ sec),  but  they  differ  In 

Wavelengths  and  frequency.    A  wavelength  is  the  distance  from  the 
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cru«*t  t>l  »me  wavu  to  the  crt'st  ol  thv  lu-xt  wove,  whllu  frequency 
Iti  the  number  of  w«vch  passing  a  jjivun  |i&Int  in  one  second,  noted 
In  Figure  1-2.    The  product  of  the  two  Is  che  velocity  of  crftvel, 
coRWonly  known  an  thu  "•poud  of  light." 


Photography  is  Interested  in  the  ceqfral  regions  of  the  eXec- 
tro»agnetic  spei  trum,  that  is  waveloigths  from  200  t/y  1350  nanoaeters. 
This  area  includes  the  ultraviolet,  visible,  and  Infrared  regions 
which  occupied  a  very  small  portion  as  compared  to  the  entJ.re  spec- 
trum.   Because  of  these  short  wavelength*  in  this  area,  the  standard 
unit  of  measurement  is  in  nanotaeters  previously  referred  to  as  nil- 
limlcrons.    For  purposes  of  comparison,  a  ollliaicron  or  nanometer 
is  equal  to  one-millionth  of  a  nill inecsr,  whereas  a  nllltmeter-  is 
approximately  the  thickness  of  a  dime. 

Visible  Spectrum 

The'  visibif  poi  iiaiv««  the  spuctrum  has  been  explaiiuid  in  Figure 
1-i  which  includes  w.»ve  lengths  of  from  approximately  400- to  700  nano- 
meters.   These  are  nut  the  exact  limits  since  the  human  eye  is  re- 
latively insenKltivi-  to  the  extremes  of  the  light  spectrum.  Irnmediatt-iy 
below  400  nanometer H  are  the  ultraviolet  rays  and  above  700  nanometers 
are  the  Int  rared  rays.    Ait  hough  these  two  types  of  radiations  are  in- 
vlfUbie  to  the  Immon  t-ye,  they  do  produce  a  sioiiar  effect,  as  do 
iiglit,  «»i  sennit  izeU  mater  i.il  and  are  very  ouch  utiXiwd  in  photo- 
sraphy . 

Wu>n  light  of  .ill  wavelengths  from  400  to  700  manometers 


V 


Figure  1-2.     Simple  form  of  Wave  Motion 
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energy  reaching  the  eye.    "       °"  _  55Q  650  nanaaatert. 

energy  of  three  single  wavelengths,  say  '^^^^ 

he  would  see  "pure  color."  of  blue,  green,  and  red. 

.r^nn  belief  was  that  "white"  was  a  aa^aratt 

At  one  time,  the  cannon  beiiet  was 

and  distinct  color  as  was  blue.  S^^^^'"'  X 
after  ffewton  demonstrated  the  i^pectJua  « 

means  of  a  glass  prism,  that  the  theory  of  the  color  "P^^J™ 
Tu    :ccep?ed.    ly  using  a  sinllar  Prl-;^°^^«J*  ^J^^rSli-l^i^n. 
the  same  areas  of  the  spectrum  aa  being,  ""^o  dlf- 

yellow.  orange,  and  red.    The  separation  of  J^lte  light  Into  cx 
ferent  colors  (See  Figure  1-3)  la  explained  by  the  fact  that  tne 
speed  of     4ht  is  reduced  in  glass  by  different 
ferent  wavelengths.    When  a  beam  of  white  light 

Jass  surface  at  an  a.^le.  the  <»^^^f  ^"J^^^^^^I^S^J:  "^.^U^ 

Refracted"  by  different  amounts,  the  shorter 

refracted  to  a  greater  degree  than  the  longer  wavelengths. 


Figure  1-3.    Dispersion  of  I-ight 
COLCR 

Trlchrcjmatic  Systems 

Haxwell  followed  Newtun  and  ■    monstrsted  In  1861.  that  all  colors 

sw  GiAffli2  niy  001-vT-i 
it 
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can  be  ab«rv«d  by  .ddlng  together  f^fS^'  ?L«nlv 

three  "additive  pri«ery  color.."  J*^-^  cLluSSSi^it  ~  S^lu  -X^^ 
r«ferr»d  to  et  thi  trlchnanetlc  theory)  i«»  fundaaentei  to  »ii  moown 

proceaeee  of  color  reproduction. 

color  reproduction  infer,  the  ability  to  Mtch  the  »P*^tr?l  dl.- 
tributlon  of  in  object  .ufflclently  clo.a  .o  thet  .  ^--^'^^f •f^*' 
(and  weti»e.  an  objective  /y^S^^S^^^'^ij,^^^ 
difference.    If  it  were  neceawry  to  match  the  f^P"^*^^^)^?^'** 
original  scene  at  each  wavelength,  the  task  would  be 
dH?U«lt.  If  not  lapo..lbU.    Fortunately    the  taek  ^^^^  >f  '^Pil 
fled  by  tte  u.e  of  the  .o-called  trichromatic  .yite«9.  J^" 
tems  L  baaed  upon  th.  .election  of  three  P^*»«' ^atcS  In^c1^or 
when  mixed  in  varlou.  proportion.,  oay  be  uMd  to  match  any  color 
in  the  visible  spectrum. 

PRIMARY  COLORS.    Blue,  green,  and  red  have  been  designated 
the  primary  colors  because  of  their  specific  characteristic.. 
Three  of  the  characteristics  of  these  color,  which  should  be 
considered  are  as  follows: 

1      KM  three  colors  (blue,  green,  .md  red)  must  be  prewnt 
in  approximately  equal  r  ^portions  to  produce  white  light. 

2.  Almost  any  color  can  be  matched,  or  produced,  by  suitable 
mixtures  of  light  beams  of  ttiew  three  colors. 

3.  No  one  of  them  can  be  reproduced  by  any  mixture  of  the 
Other  two. 

FILTERS      In  order  to  underat&nd  how  the  human  eye  .ecs  colors. 
con.iSer^!'acaon  of  light  filters.    A  filter  is  f ^^"^ 
stance  which  selectively  abHorbs  or  tran«it.  ^JJ'*}" 
the  spectrum.    Theoretically,  any  filter  transits  light  of  it.  own 
^oLr'and  partially  or  completely  ab.orbs  -^^^^Jf /^^^^JJ,, J?,, 
practice  the  amount  of  absorption  depends  upon  the  character  la  tic 

of  the  filter  Itself . 

Because  a  filter  selectively  absorbs  certain  light  waves,  it 
naturally  appears  colored.    A  green  book  appears  gre*n  because  it  - 
refUcts'green  light  and  absorbs  Ught  of  the  ^^^^^Jj^''^.^,, 
areen  filter  appears  green  because  it  absorbs  rod  and  blue  lignt 
Snd  tranl^its  gr'^en  light.    A  filter  which  ab.orbs  ^^\^^^J^^^ 
Ught  appears  blue.    Looking  through  such  a  filter.  *~ 
ereen  objects  will  appear  darker  while  blue  objects  wiU  appear 
l^Ster     A  filter  whkch  ab«,rb.  only  blue  light  appear.  yeUow 
belause  it  transit,  gr.en  and  red.  and  the.,  color,  affect  the 
eye  A.  yellow.    See  figure  X-4. 

* 
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Wratten  K-2  yellow  filter  plotted  ihus. 


WHITE  LKfflT 


R  K 


G  


tKXOiV  LXOHT 


Figure  1-4.    K-2  Yellow  Filter 


10  % 


100  % 


400  500  600  700 
WAVSUPIQTH  (na) 


Figure  1-5.    Typical  Filter  Absorption  Curve  (K-2  FUtwr) 
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f  lU.r.  ui.d  .re  not  .tarp  cutting,  any  ."^        ^'}^,  i, 

will  cra«t.  *  n«utr«V  VlWKlty  .luce  a  portion  of  'aX  /"J;".' 
liiirbir   li."  ch.r«t.rutlc.  of  th.  prl»r, 
taj«rtlc.l  for  uM  Jn  th.  flnl«h«d  "K>'  P«l»»  "  tt».p.r«cy. 

Mdlelve  Color  Proc»«« 

All  color  procMM*  In  uie  by  th.  *lr  Fore.  •IP''""'''"" 
wuhtl.^  .pilic'tlon  of  t.«  .dditlv.  color  proc».  2_PJ^JJ^«;. 
«.•«  ..rtiiia  th*  nrlBWy  coloro— bluo,  grMn,  «»a  r«o    i"  poo.-" 
««»lilW  r«ordl«  th.  orlgln.1  «.n..    A.  u«d.r.t.ndlng  of 
gr.pntcaiiy  rocuro*»»  ••       ^  ,    ,    uM«r.t«»dlB«  th.  .tructure 
additive  color  B^nture.  will  h.lp  m  uneer.wnBMi. 
of  color  natarUl.  md  how  to  uu  then. 

Wh.B  equal  part.  .1  bio..  |r..n.  .nd  red  light  "*  '"If 
fro.  prri.ct.r.  .nd  p;«^;J^J„%'J:;*S%U  Thre'. 

r.':s;nT?i.t:T-.!" 't^j«.  ^^^^^^^ 

«e«n  light  produc«t  cyan  'Jf  '"L^n  orite  red 

rttd  and  blu«  }^^»"^  J"^"^,  ^.    *     iiaoit  any  dMlr«d  color  match 
and  ftBMn  ll«ht  producai  )«llow.  «  Iw-  oMm-B 

^  dirfrliiSj  t'hir?.!:"  ^ri-ts: « strprrpir-u 

th.  Mount  of  rtd.  the  «»^^^J^"  \     \       ^.^^  involves  addition 
rcVo^eriT^trnhV'p^iJ^nil'or"!  r .itt  «»tlfl.d  further 
th.  addittva  prlaarU.. 

In  color  photography,  th.  threo  colur.  prodoc.d 
„t  rh.  additive  prlnaru.  In  P«lr«  are  of  particular  iBportjnc.. 
i.        !ll,li^v.n  ««.nc.,  and  y.llow~«.  Known  e.  the  .ub- 
^iHrlM  "?  S«inS«y  colore.    Sine.  «ch  repr.«nt. 

n.ri"  r-       :  .i^b.^  ?r  i:e''whT.ri.ht'"s'i:ri'^^^ 
1.  fo.ii'Jiinti^to  u.".  «4  y«"-  ^  co.pi.«.t«,  to 


bluo. 


At  thia  polut.  refer  to  Figure  I-/,         study  the  lUuitr.tion 

primary  colofrs-    Aiso,  aotw^is  onrh  other 

Lch  other  in  this  star;  these  colors  .ire  complementary  to  each 


Figure   1-6.     A<iriitiv  Prncess 


Although  the  orlK.irval  photoKrnphic  tfcord  on  color  roatprlal 
the  additive  primary  colors,  thenc  .irr  not  suitable  for  the  flnAl  ^olor 
produce  in  general  usf.     Three  filtfrt-d   light  sourres,  such  as  those 
produced  by  three  projectors,   are  requlrc(i  for  producing  colors  by  the 
additive  color  mixtures.    For  prnt  ti.  nl  purposes,  most  color  trans- 
parencies or  prints  must  be  viewabh-  when  only  one  white  light  source 
(made  possible  by  the  use  of  the  subtrmMtve  color  process  which  is 
juHt  the  reverse  of  the  additive  ml  or  prf>cpfs)  le  used. 

Subtractive  Color  Process 

In  the  additive  volor  process  where  ihrnn  projectors  wpre  used 
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Figure  1-7.    Color  Star 


(one  was  covered  with  a  red  filter,  one  with  a  green  filter^  and 

one  With  a  bl-ue  filter),  any  desired  color  could  be  produced.  Theo- 
retically, any  filter  transmit*  light  of  Us  own  color  and  absorbs 
all  other  colors.    The  amount  of  absorption  depends  upon  the  density 
of  the  filter.    Therefore,  all  three  filters  could  not  be  placed  over 
a  single  light  source.    To  a  certain  extent,  the  filters  are  mutually 
exclu.ive:  that  la,  none  of  them  transmits  light  passed  by  either  one 
of  the  other  twc, .    Consequently,  any  two  of  the  filters  used  in  com- 
bination  In  front  of  a  single  light  source  absorb  all  of  the  light. 

Since  a  filter  of  any  ol  the  additive  prWy  colors  transmits 
only  chat. one  primary  color,  the  aubtractive  primary  colors  are  used 
SB  filters  in  the  structure  of  color  materials.    This  makes  it  possible 
to  transmit  any  two  of  the  additive  prlmary^coloi'S  and  subtract  the 
third. 


A  cyan  fiJter  transmits  blue  and  gr.-en  light,  bul  absorbs  red 
light-  hence.   U  subtracts  red  from  white  light.     Simliatly,  a 
magenta  filter  (which  transmits  red  and  l»lue)  does  nothing  more 
than  subtract  green  from  white  light.    Finally,  a  yellow  filter 
(which  transmits  xed  and  green)  functions  by  subtracting  blue  from 
white  light. 
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Since  each  of  tRe  aubtractlvu  primnrv  filters  transmits 
approxlmatuiy  two-thirds  of  the  «p«rt rum.  superimppstng  any  two 
of  them  over  a  single  light  sobVce  p.  oelu..e  other  colorR.  Refer 
to  E4gure"  1-8  for  «n  illu8tr/|tion  of  the  nrlncviple  of  the  eub- 
tractive  color  procesa.    Notice  thot  the-  .  orabinatlon  of  any  pair 
of  the  subtractive  primary  colors  In  equ/.l  densities  produces  on«¥, 
of  the  additive  priiaary  colors.    For  example,  a  ielltm  filter 
transmits  red  and  green  and  absorbs  blue,  tind  th^  magenta  f  J  Iter 

^•^nsmits  red  and  blue  and  subtracts  gret-n  from  the  light  sgurce. 

'^«ifin  theae  two  filters  are  used  over  n  single  light  source,  the 
one  color  that  is  transmitted  by  both  m.-iu'-nts  and  yellow  Is  red. 
Therefore,  yellow  plus  magenta  produces  red. 
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Figure  l-R.    'Sulfl  i  .ic  t  ivr^-^roceSs 


In  the  sdme  nfinner,  when  y^IUiw  artB  cyan  are  used  in  combination, 
the  one  color  that  Is  transmitted  by  both  filters  is  green,  since 
yellow  trah^ts  red  and  greeh  and  c'van  i ranSTOlta  blue  and  green, 
r.,...,  n^aonr.-,  nrndt.ceB  blue^.  h.- r ni^f-^ blue  iS- trsnsmlt ted  by  both 


Cvar.  plus  nvagenra  produces  bluer,  Nm.h 
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By  varying  ch«  densities  of  subtractive  filters  used  in  com- 
bination   any  desired  change  in  the  color  produced  can  be  accomplished. 
For  eiaS;  "  to  change  thTappearance  of  red  to  make  it  an  orange, 
the  Mount  of  yellow  may  be  increased  or  thm  amount  of  magenta  de- 
c^ea*r  m  three  colors  may  be  needed  In  varying  d«i  si  tie  a  to  pro- 
duce •«»  colore  other  than  black,  such  as  shades  of  gray  or  brown. 

These  same  principles  apply  to  artists'  colors  (water  colors, 
oaints    etc.)  and  dyea  such  as  tho.se  used  for  dye  transfer  ptlnts. 
Lwevei.  mucb  confusion  has  resulted  from  the  couson  practice  of 
designating  the  artists'  primaries  a«  blue.  red.  and  yellow,  it 
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Figure  i-9.     Effects  of  Subtractlve  Filters 

a  lull  range  ol  colors  la  tu  be  produced  .  ompletely  a.  P-^^^lj' 
iv.wever.  red  will  reallv  be  a  magenta  and  the  blue  will  really 

b.  a  bl^e-gree:.  or  cy.a.     U   is  unfortunate  that^  he  quoL.d  na^es 
have  so  often  been  ua^d,  because  the  tr  use  in  this  sense  has  un- 
doubtedly acted  as  a  bar  tu  a  more  widespread  understand ii«  ut 
the  principles  of  color  mtstture. 

As  previously  stated,  all  culor  tnatt-rials  -  negatives, 
transparencies,  and  reflective  type  prints  -  in  current  use  by 
'Ihe  Air  Force  begin  with  an  applicailon  nj  the  additive  process. 
But  the  subtractlve  process  is  utili/.ed  for  the  final  product; 
that  is,  theae  materials  all  incorporate  yellow,  magenta,  and 
cyan  dyi  layers,  which  act  as  subtractlve  filters,  to  reproduce 
the  original  subject  colors. 
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expasures  ar«  rcqulreU  to  obtain  tl«.  ov^rnU  •"Pf'^^J .  ^T^* 
nornvally  accomplished  by  either  u.in«  three  "J^J'^^  JJ?^^*!"^^^!' 
(one  primary  filter  over  each  sourca)  or  one  light  source  and  In 
dlvldually  placing  each  filter  between  the  light  iource  and  the 
print  material  for  three  separate  exposuree  timea. 


Figure  l-IO.    Additive  ProcesH  Plus  Neutral  Density  Filters 

Figure  1^10  liiuatrates  one  of  the  latest  **"^f  •  ^.f!.!^*'^'!;;^ 
(or  trl-color)  printing  aystem.  eogjloylng  the  use  of  ND  "^^J^*-  J 
cause  of  the  mirror  conf^urations  the  overall  a«pos«re  can  be  made 
BUnultaneously,  making  it  ideal  for  continuous  type  contact  printers. 
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Hany  Moeion  picture  utui  MrUl  calor  i>rliuor»  «*ftuf Ac(ured  to4ity 
inploy  ehU  or  ulail^ir  prlnclpltii. 

projection  printing  as  •hpim  in  Figure  1-Ll.    The  projection  printer 
has  one  light  aouree  and  in  order  to  obtain  tfk  overall  exposure  of 
white  light*  three  separate  exposures  are  required,  one  through 
each  primary  filter. 

t 


Easel 


Figure  Projection  Printing 


The  advantage,  of  the  adiiltive  systan  is  that  it  does  produce 
a  higher  quality  product,  bt^ih  in  definition  and  color  saturation 
aa  compared  to  the  aubtractivt:  system.  However,  the  main  dis- 
advantage is  the  type  of  filters  whicii  are  rettuired  for  this 
printing  system*  Filters  noraally  employed  in  tricolor  printing 
are  the  Kodak  Wraetan  Series  No.  25  (Red),  Ho.  98  (Blue),  and  Mo. 
99  (Green),    these  filters  are  constructed  of  dye  glass  which  has 
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very  long  fsxposure  time,  or  very  high  ^itimslty  source. 

Recently,  the  subject  of  .ddltlve  cW  ^^P^^^^f  ^ 
reappraised  in  light  of  recent  technical  develop-ents.  J^^^^ 
iBercLl  development  of  dichroic  coated  mirror.  "^^^•J/^^^J^^; 
splitting  means  by  which  the  optical  nyntm  J« 
the  light  energy  arriving  at  the  film  Pl^ne.    The  dlchrolr  mlnorn 
consiS  of  a  gfase  with  a  number  of  .vap.rated 
They  are  able  to  reflect  selectively  a  chosen  wavelength  n 
th/ spectrum  while  allowing  the  remaining  •       ^'Ss  o^r- 

altted.    They  do  this  with  an  efficiency  of  approxtaately  95  per 
c.Pnt.    This  compares  with  the  figure  of  10  tl»e.  more  required 
light  on  a  system  not  using  dichroic  '^^^J^'*  ^^^^^J" 
the  tricolor  printing  process  has  been  sliort«»ed  considerably. 
The  6100C  Motion  ?l<iture  Printer  usi-d  in  this  career  field 
employs  the  dichroic  mirror  principle  of  exposure. 

Printers  for  many  years  have      ^1^*-' ^IIT^^^"^' 
anDlovlnR  the  use  of  Kodak  Color  Coropensiiting  filters.  These 
TiU^^s  arfcon^tructed  of  lightly  .iy«i  ^^J^Jf  -  I'^JiZ 
higher  transmission  properties -than  ihe  additive  primaries  prev I 
Liry  mentioned.    Color  Compensatinn  (CC)  fUter.  are  available 
m  the  following  colors;  magenta.  ycUow,  cyan,  green,  blue,  imd 
red . 

The  subtractlve  .ystem  (commonly  .a  1  led  the  white  ^ Mj^J^  ";^';;^> ' 
employed  the  same  setup  as  lllustratrd  In  Figure  l-^^'  ^J^^^.^^^  ;'^„ 
has  tie  advantage  of  requiring  only  ^  .^^ed  -v 

for  the  print  nBterlal.     The  color  .1  tho  light  is 
rlAclne  the  desired  CC  filters  of  various  hues  and  densitips  1" 
light  path  of  the  printer.    Thesn  filters  subtract  ^he^ /^P^'  ^^'^ 
cofpUentary  co  J.  from  the  printer  U.Ht    thus  -^J^^  ^I^^^^/" 
specific  requirements  of  the  negative,  or  positive  being  prtnte<5. 

SENStTIZH)  MATERIALS 

Most  color  films,  whether  reversal  or  negative,  ar*-  i^tegrnl 
trlpack  films.    The  term  "Integral"  is  us.d  whenever  more  than 
emulsion  is  coated  on  a  Single  base.    An  ^'^^f*^  V«  "1  f'" 

^  aslngle  base  with  three  light  sensitive  emulsion  layers  corned 
on  one  side,  each  layer  responsive  to  a  separate  f 
spectrum.    The  three  emulsions  are  not  8«parable  and  must  he  pre 
cessed  together. 

An  Integral  trlpack  emulsion  consists  of  (1)  a  .uitable  base. 
(2)  af  aTtiSlatimt  coating,  which  ..y  we  coated  on  either  .ide 
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of  tilt  banc,  (i)  thrvf  litUivUlurtl   H>itu ~:'.  «hIc  iwe  h'»y<'V«  a»uI  (4i  lhl«> 
layttrt  of  gtlatiii  ua^'d  to  Mi^nnitc  i  U««  Uiihl H  lv#  Uy^rj*  a»t4 
which.  In  Mae  tniUJVu*,  futu'tUMt  <i  «  i  them. 

The  cbipUte  tripack  la  about  one-tho«f««4ch^  an  Inch 
(.2^)  thick.    In  addition  to  tllver  haildet,  the  enulsion 
Uyer  nay  conealn  aenslfcixlng  agents  and  atbatances  for  the 
formation  of  dye  iaagea. 

Becwem  the  emulsion  layers  are  Inter  layers  of  gelatin.  In 
same  Inatancea  they  may  serve  as  color  filters  for  the  senaitlzed 
eetulalons,  but  their  main  purpose  is  to  ralniolxe  the  effects  of 
one  layer  on  the  other. 

This  combination  of  eniulslon  layers  and  gelatin  interlayera 
plays  an  Inportant  part  in  image  resolufnn.    Resolving  power  Is 
a  function  of  emulsion  thit  kness  and  the  size  of  the  light  sensitive 
grains.    To  produce  a  color  film  with  normal  speed,  the  grain  size 
must  be  fairly  large.    The  increase  in  grain  size  results  In  a  loss 
of  image  resolution. 

Because  of  the  tripack  t  onstru.  clon,  light  striking  the  emulsion 
must  penetrate  a  considerable  distance  to  reach  the  lower  two  layers, 
in  traveling  f.his  distance,  the  light  scicters  and  the  Image  becomes 
diffused.    This  light  scatter  also  results  In  lowered  image  resolution. 

To  provide  adequate  ll^ht  transraissLon  awl  to  retain  the 
aharp«at  poaaible  image  in  il»e  lower  aaulsion,  the  top  emulsions 
are  designed  to  be  a»  transparent  as  possible.    These  emulsions 
may  also  contain  light-absorbing  dyt-s  to  help  minimize  light 
scatter. 

The  magenta  ImaK^*  is  most  readily  seen  because  of  the  eye's 
aensitivlty  to  this  part  of  the  spectrum.    Unfortunately,  this 
layer  is  located  in  the  middle  of  the  tripack,  which  is  not  the 
best  location  for  maximum  resolution.    The  top  layer  is  best  suited 
for  resolution,,  but  it  contains  a  yellow  dye  image  which  is  least 
visible  to  the  eye. 

Attempts  have  been  made  to  design  films  with  the  magenta  layer 
on  top.  but  it  has  been  virtually  impossible  to  remove  the  magenta 
layer's  sensitivity  to  blue  light.    The  classical  order  of  yellow, 
magenta,  and  cyan  from  top  to  bottom  will  probably  exist  for  many 
years  to  come. 

The  location  of  the  dye  image.  In  the  eouision,  is  determined 
by  the  location  of  the  developed  silver  grains.    The  dyes  are  formed 
in  tha  area*  adjacent  to  the  reduced  silver.    When  the  silver  is  re- 
moved, during  procassing,  the  dye  remains  as  a  cloud  centared  where 
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tht?  iir«in  w«»  located.    Bl»c«u««  thi'  dyi*  iw«r4»  /•f^ifiiy^i*^*'*** 

rather  th««  uniques  mut  urc  U^tm.\  by  chinlcjl  tft£fn«ltifl. 
their  density  Increases  grnduoUy  i'.^i  Uu<  «dge  to  the  center. 
On  the  other  hand,  the  d«sity  of  a  .live  r  tosge  chenje.  abruptly 
at  the  edse  of  the  groin.    Therefore,  color  fila  eppears  leaa 
grai";  fha*n  Tlack^Sd -white,  but  the  l«agc  has  lover  -^^PJ-** 
Ld  liage  definition.    The  magenta  dye  toage  y 
has  the  greatest  appearance  of  gralnlnesB  because  tha  peak  sensitivity 
of  the  human  eye  Is  In  that  region  of  th-  spectrum. 

Since  red.  green  and  blue  are  recorded  In  the  same  manner  In 
almost  all  color  films,  negative  arul  rev.rsal.  a  crosa  '^^^lon  of 
a  typical  piece  of  color  film  will  help  In  better  understanding. 
Refer  to  figure  1-12. 


Figure  1-12.    Color  Film  Bnulslona 

Starting  at  the  top  and  working  down,  first  is  the  blue 

Bensitive  layer  of  the  emuUlon.    This  ^^^'^^'^^^^^^Jif^.J^o 
±8  made.    Remember  the  blue  sensltlvu  eoulsion  Is  sensitive  to 
blue  1  ght  only.     Below  the  blue  sensitive  emulsion  ^^^^J-*  * 
layer  of  colloidal  silver  suspended  in  clear  gelatin  which  ab- 
sorbs the  stray  blue  light  whlrh  penetrates  the  blue 
elision  -  this  layer  is  simUar  to  .  yellow  UUer.    The  colloWal 
silver  is  bleached  and  fixed  away  during  the  processing.    The  green 
recording  layer  is  an  or thochrocatlr  emulsion  and  Is  J^^^^*^^* 
both  blue  and  green  light.    Because  of  thu 

red  and  green  light  Is  allowed  to  penetrate  ^^/.^Jj^f iff, .^^^^^^^ 
this  esnulsion  layer  is  not  sensitive  to  rc>d  ^^^^  "Ji,^^" 
light  has  been  absorbed,  the  only  exi»oHurc  possible  at  t^*^  P^^"*^ 
is  that  produced  by  green  light.    Following  the  green,  another 


SW  G3ABR23330  OOl-VI-l 


record  ii  Mdc  In  the  n«Jit  loyer  whl»  h  i«  «  panchromatic  emulsion 
Chat  racorda  rad.    Thi«  Miultion  U  manutncturtd  iiith  a  very  low 
■•ttaitivlty  to  gr««n.    Th«r«fore,  •luce  l\m  Wui  cannot  penatrata 
to  ctHia  pointy  only  a  r«d  roco td  la  mado. 

In  afCact  then  a  ahaet  of  net*tLve  or  revoraal  color  flla  la 
mde  up  of  throe  toparaeo  oaulolon  layer  a »  oach  ona  acnaitive  to 
only  ona  of  tha  additivo  priaary  colors. 

Dye  Coupler  a 

The  moat  accepted  aathod  of  producing  dye  iaages  within  a  color 
negative  or  tranaparency  la  by  a  chemical  reaction  of  aubatances 
known  aa  couplers  combining  with  the  oxidised  developer.  This 
reaction  la  called  coupler  development  and  Is  the  secondary  function 
of  the  color  developer.    As  the  developer  reduces  the  exposed  silver 
halidsB  to  form  metallic  silver,  the  developer  itself  is  oxidized. 
The  by-products  of  this  reaction  combiiM  with  the  coupler  agents 
to  produce  the  dyes.    This  dye-forming  reaction  produces  dyes  in 
proportion  to  the  amount  of  allver  developed;  In  other  words,  for 
each  silver  halide  that  is  reduced  by  the;  color  developer,  there 
is  a  molecule  of  dye  formed.    Since  the  dye  formed  Is  insoluble, 
it  will  remain  In  the  enulsion  to  yield  n  photographic  image  in  color. 

C^iglnally,  the  dye  coupling  agents  can  be  colored  or  colorless 
when  first  introduced  into  the  emulsion  and  than  they  are  changed  to 
another  color  during  tha  developing  procusa.    Tha  type  of  coupling 
agents  uaed  will  dcpeftd  on  tha  particular  film.    In  reversal  films, 
the  and -product  la  primarily  daaigned  for  direct  viewing,  in  which 
case,  the  coupling  agenta  must  be  colorless  in  nature.  However, 
color  negatives  are  not  intended  for  direct  viewing,,  but  are  Judged 
for  their  println.  characteristics.    Thus  it  is  possible  by  utilizing 
colored  couplers  in  the  negative  taatdrial  to  overcome  the  effect  of 
iiK^orrect  dya  abaorptions  that  are  so  prominent  in  color  prints. 

Couplii^  agents  (color id  or  colorless)  combine  with  the  oxidized 
color  developer  to  produce  either  a  yellow,  magenta,  or  cyan  dye, 
depending  upon  enulslon.    Nnrmally,  the  color  of  the  dye  formed  Is 
complaasntary  to  tha  original  light  sanaltlvlty  of  the  enwlsion  layer. 
For  an  example,  the  bottom  emulsion  layer  la  aanaltlve  to  red  light. 
After  color  development,  it  will  yield  a  cyan  dye  iaage. 

Qye  couplers  may  be  placed  in  either  the  developing  solutions 
or  In  the  three  e^ilalon  layers,  dependitig  on  the  type  of  film.  In 
the  Kodachrome  and  llfochrooe  process,  the  coupling  agents  are  put 
into  the  proceasing  solutions.    Thewe  couplers  pmst  be  readily  soluble 
in  tho  developing  solutions  and  they  muse  dlffuso  ftaely  through  the 
gelatin  together  to  tho  site  of  the  exposed  sUvar  halide.    To  confine 
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the  dye  images  to  their  .ppropriatu  lnyrt .  it  U  ntcwwry  to 
three  separate  color  developcrf,  one  for  «*ach  dyj.    Alio,       "  . 
necessary  to  reexpose  selectively  each  emuUion  beforo  devslopaoBt . 
This  type  at  proce.s  requires  both  elabnrnto  equip»ent  and  ««J'« 
accura^J  In  its  control.    Due  to  Its  compltMity,  only  a  few  of  the 
larger  processing  laboratories  operate  this  procais. 

By  mixing  the  coupling  agents  lato  the  emulsion,  all  <*y«  J^^"" 
can  be  formed  slmuUatKously .  thus  eliminating  the  need  for  multiple 
reeKposures  and  color  developers.    Filtas  such  ^^"^^^^^^^ 
chrome  and  Ektachrone  incorporate  the  couplor  co«pon«nts  into  tne 
eaulslon  layers  during  manufacturing.    By  doing  so,  the  threo 
different  colored  dye  images  can  be  producad  ^^^^^J*^  , 
single  reexposure  step  and  color  developer,  thus  alapllfylng  th« 
process  so  that  It  can  be  performed  in  any  darkroom,  irith  standard 
darkroooi  equlpmoit. 

When  these  coupling  compounds  are  incorporated  into  the 
emulsions,  they  must  meet  certain  major  •"^J"^*'*"*""-    T^!^  "^^ 
be  nondiffuslng  (remain  in  or«  *)cation),  be  evenly  distributed, 
and  not  become  crystallized.    To  produce  the  cyan,  magenta,  and 
vellow  dyes,  the  different  couplers  must  be  capable  of  reacting 
with  the  sam.  color  developing  agents.     Hie  reaultant  dyes  formed 
must  have  definite  spectral  charactcrist lea,  ao  that  all  colors 
^rr^^curately  reproduced  in  the  final  product.    A^'^  J^««J7, 
must  be  stable  compounds  to  provide  permanency  (nonfading    ot  tne 
color  dyes.    These  Compounds  must  not  Interfere  f    Jj^^ J*!*^ 
exposure  of  the  film  and  must  not  cause  any  harmful  effects  during 
stor.iRr  of  the  film  prior  to  exposure. 

Standard  Reversal  Process 

The  standard  color  reversal  process  is  illustrated  in  Figure 
^-13      Such  films  as  Kodak  Ektachrotrte       IVpe  7241  (daylight)  and 
machrome  R  Print  Type  7389  are  processed        this  ^•f       J.     .  . 
latent  image  of  the  original  scene  is  formed  by  ^^/^^f 
from  th^  subiect,  exposing  the  silver  ha Udes  in  ^«  "  "J^*  ^/^f^^^ 
appropriate  light-sensitive  layers.     Each  emul.ion  i*y«f.^»  '^'^^ 
to  a  different  part  of  the  spectrum;  the  top  l-T^f^to  the  "glon 
only,  the  second  layer  to  the  green  region,  and  the  bottom  thir^J 
lave;  to  the  red  region.    Also,  a  cnlloldal  sllvor  fX^^^^^/^i^"^^ 
interlayer  is  placed  below  the  blue-sensitive  ""J^i*^*  ^J^^^S.^^,^ 
camera  exposure,  the  film  is  developed  In  a  modified 
developer  to  tovm  a  silver  negative  imago.  (See 

dyes  are  formed  in  this  "negative"  since  the  black-and-^if  devl- 
oper  yields  no  coupling  compounds. 
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After  tttli'itep.  th«  f Uw  tmd«fi|0t»i  foilini  t©  wo»t  f^/*'*^  , 
reaainlng  residual  silver  helidei  that  wre  unaffected  by  the  Initial 
canere  expoeure  end  the  first  developer.    This  reexpoeure  My  elaply 
consiet  of  holding  the  film  under  a  strong  light,  or  by  a  chealcel 
fogging  agent  vhich  has  been  Introduced  in  iome  color  chealitty, 
such  as  Kodak's  E-4,  and  EA-5  piroces»eB.    This  chewical  called 
Kodak  Reversal  Agent  RA-1  (tertltry-buty laiaine  borane,  also  know 
as  T-BAB),  is  added  to  the  color  developer  to  produce  the  sane 
effect  as  the  physical  reexposure. 

# 

Once  fogged,  the  reexposed  silver  halides  are  reduced  to 
metallic  silver  by  the  color  developer  aiul  dyes  are  alauluneously 
formed  in  those  areas,  as  Illustrated  In  Figure  1-1 3».    Note  that 
not  all  the  silver  halides  have  been  developed  by  the  first  devel- 
oper.   Note  also,  that  the  dyes  forraed  are  the  compleaentary  color 
to  the  emulsion's  original  sensitivity.    ITist  is,  the  yellov  dye^ 
forms  in  the  blue-sensitive  layer,  magenta  dye  in  the  green-sen-' 
Bltive  layer,  and  cyan  dye  In  the  red-sensitive  Uyer.    At  the  end 
of  color  development,  the  film  (if  viewed)  %»uld  be  completely 
opaque  (nontransparent )  to  trananitted  light  since  there  are  now 
three  silver  negative  images,  three  silver  positive  images,  and 
three  positive  dye  l«6ges  within  the  emulsion  layers  of  the  color 
film. 

Figure  1-13C  represents  the  film  after  the  bleaching  and  fixing 
steps.    Both  the  negative  and  positive  silver  laagea  are  removed, 
along  with  the  tnutalllc  yellow  filter  Layer,  leaving  only  the  super- 
imposed dye  Images.    Perfectly  registered,  these  irosges  form  a  posi- 
tive color  transparency  which  can  be  viewed  by  transmitted  light  or 
ty  projection  on  a  screen. 

When  the  processed  transparency  is  placed  over  a  source  of 
Mhite  light,  the  various  colors  of  the  original  subject  are  re- 
produced by  the  aubtractivc  process.    For  example,  red  if  formed 
by  the  overlapping  of  the  magenta  and  yellow  dyes  or  colorants. 
The  magenta  colorant  absorbs  the  green  portion  of  the  white  light, 
and  the  yellow  colorant  absorbs  the  blue  part  of  the  white  light, 
thus  preventing  these  colorants  from  beltvg  seen.     The  only  part 
of  the  viewing  light  not  absorbed  bv  either  colorant  Is  red,  which 
is  transmitted  and  therefore  seen.    By  utilising  the  secondary 
primaries,  dye  or  colorants  (cyan,  magenta  and  yellow)  In  ths  final 
product,  almost  any  color  can  be  produced.    Black  is  produced  by 
the  overlapping  of  the  heavy  dye  fonantlon  in  all  three  layers  per- 
mitting no  light  to  be  tranamiitted .    lesser  amounts  of  these  three 
colorents  (of  equal  portions)  would  yield  various  shades  of  gray. 
White  is  produced  by  the  unobstructed  passage  of  light  through  the 
three  emulsions,  since  colorless  couplers  are  used  in  this  ty|Mi  of 


'film, 
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since  «Mch  mulaion  Uyer  of  ttu.  trlpick  torraH  a  dye  inmg« 
cMipl««nt«ry  in  color  to  Us  »ensUlvlty.  each  lny«r  can  be 

of  M  0  prl«ry  color  «btocl>Lf»g  flUeri  thus  each  eauUl^ 
co^Siii  th«  tr«n»i«.ion  of  U.o^  color.    ^  ^^'^•ff  . 
5en.Uy  of  .h.orptlon  of  the  dye  Ima^e  Is  reUtad  to  the  amount  of 
restdSl  «Uv«r  left  In  the  e«ulslon  for  color  developm«it.  For 
llZu,  an  .rea  of  tha  aubject  tl^t  reflects  i  ^'^^^^^B^^J.f  jJJ., 
product  a  very  dense  iaage  In  the  graen-Bensltlve  layer  by  the  first 
developer;  therefore  very  little  magenta  dye  can  be  formed.    At  the  . 
trelE^  the  other  two  layer,  receive  little  «  «°^^-P^"/^Vu  of 
are  not  affected  by  the  first  developer,  thus  leaving  " 
the  rssldual  silver  halldes  in  each  of  these  layers.    Af  ter  color 
•Sevelopment.  the  top  emulsion  would  produce  a  dense  yellow  dye  and 
tSe  bouom  ov  red-sensitive  emulsion  would  yle^d  a  dense  cyan  dye- 
Therefore,  with  the  combination  of  these  two  Uycrs.  the  area  would 
appear  a  deep  grean  in  the  final  transparency. 

Intermediate  tone«  and  ah&des  of  color  are  produced  by  the 
various  amounts  of  silver  halldes  in  the  different  f "  «Jf . 
coupling  development,  the  colorants  or  dyes  produced  yield  only  a 
partial  absorption  within  the  given  eaulslon  layers.    For  ej^ample. 
orange  U  produced  by  a  dense  or  heavy  deposit  of  yellow  dye  and 
only  half  the  maKimum  amount  bf  magenta  dye  with  no  cyan  dye  present. 
S/arious  shades  of  pink  are  obtained  by  the  varying  amounts  of  magenta 
dye  only.  .  i 

At  this  point.  It  should  be  expUin.d..  fhat  the  above  aumples 
ard  based  upon  theoretically  perfect  dyes  or  colorants.  Unfortunately, 
the  best  available  dyes  absorb  some  of  the  light  that  they  should  be 
transmitting  freely.    For  exampl.-.  a  perfect  cyan  dye  «^sorb 
only  red.  and  would  transmit  fret-ly  the  blue  and  green  l^R^ta.  How- 
ever, all  known  cyan  dyes  absorb  a  significant  amount  of  both  blue 
and  ireen.    Likewise,  a  perfect  magenta  dye  would  absorb  ^^JV  S^een 
Ugh?,  while  transmitting  freely  the  red  an^  blue  lights.  Actually, 
magenta  dyes  transmit  rod  light  fre.ly.  bur  absorb  some  of  the  blue 
iUht.    Of  the  ihret-  dye«  uned  In  Hubtra.tlve  color  photograph)^  only 
Che  yeUow  most  cWiy  approaches  the  IJeal  colorant,     because  ot 
these  dyfc  imperfections,  some  colorr.  such  as  the  blues  and  Sheens 
will  be  darker  and  have  lens  aatursilon.    S«ae  colors  will  actually 
c  langs  in  hue . 

Although,  these  unwanted  dye  absorpUons  tend  to  degrade  the 
resulting  colors,  they  hav<-  no  serious  erfects  on  the  origlnsl  color 
transparency,  which  is  to  be  used  ouly  for  direct  viewing  or  pro- 
jection purposes.    However,  the  rea i  prohlea  is  encountered  when  a 
duplicate  transparency  or  color  print  is  reproduced  from  the  or^'^f 
transparency.    The  dye  deficiencies  of  the  original        t^*^,^'""^'^^^^!? , 
by  thTdeflcienctes  present  In  the  reproduction  material.    It  is  possible 
to  minimise  many  of  these  deficiencies  by  various  selective  masking  ' 
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procadurea.  Many  maHklcig  procedures  a.c  ''^'^^i^"*, ^^^^^^'^^jj' J'^^ 
to  linprove  the  color  quality  of  the  rin« .  product  in  the  reproduction 

stage. 

Color  Negative  Process 

The  physical  structure  of  negative  color  film  is  siolUr  to 
other  tnuUilayer  color  f  iHas.    The  dye  couplers  are  Pj^^^^^"^^^ 
e.«ulsion  layers  at  the  time  of  manufacture.    The  negat ive^ process 
is  tUustrated  In  Figure  1-U.    The  blue  sensitive  (top)  layer 
prdduc-a  yellow  dye.  magenta  is  produced  In  the  greai  f 
(middle)  layer,  and  cyan  Is  produced  in  the  red  sensitive  (bottom) 
.wuUlon  layer.    The  dye  layers  perform  the  sane  function  as  in  the 
cnso  of  reversal  color  films;  each  layer  acts  as  a  subtractive 
f  lUi-r  for  control  of  one  of  the  additive  primary  colors. 

Unlike  the  color  reversal  materials,  color  negative  films 
are  developed  only  once,  in  a  color  developer  solution.  After 
exposure  to  the  original  scene,  the  film  Is  processed  in  tha 
color  developer  (Figure  1-UA)  where  both  the  negative 
linages  and  a  negative  dye  linage  are  formed  In  each  layer.  Again, 
these  dyes  are  formed  only  where  the  exposed  silver  halides  are 
being  reduced  to  a  metallic  silver.     Therefore,  the  amount  of 
compLn^ntary  dye  produced  in  each  emulsion  layer  Is  P^«P°^ 
to  the  exposure  that  layer  received.     Sl,u:e  the  desired  result  Is 
dy.  negative  images,  both  the  negativ  silver  images  ««1  ^he^^^ 
ioidal  silver  (yellow-filter)  in  th.  int.rlayer  must  be  removed 
from  the  fllin>  This  Is  acconpll«hed  by  placing  the  film  in  a 
bU-ach  solution  which  changes  th^  met^Hllc  silver  back  to  a 
silver  complex  molecule-     The  fix,   thon,  removes  the  sliver 
hallde  compK^x,   leaving  the  dye  images  intact  in  each  layer. 
The  '^ye  images  which  remain  are  negative  with  respect  to  tne 
vonal  graduations  of  the  subject.    Mso.  they  are  romplementary 
•M  the  colors  of  the  original  subject. .(Figure  l-^^fl)- 


Siorage 

Color  emulsions  are  subject  to  change,  caused  by  aging. 
These  emulsions  are  easily  damaged  if  exposed  to  heat,  high 
nun-.idiry,  or  to  long  j>eriods  of  uncontrolled  ^'^f ««« '     "'f J 
layer  films  are  especially  critical  since  each  layer  is  likely 
CO  respond  differently  to  thm  aging  process. 

The  msnuf^jcturer  marks  each  batch  of  color  material  with  an 
expiration  date.    Th.ese  dates  assume  normal  storage  conditions. 
However.  If  color  films  are  stored  under  conditions  that  retard 
the  aging  process,  they  may  be  safely  used  after  this  date  wplres. 
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Figure  i-U.     Color  Negii  t  Ive  Process 


Color  filmn  that  are  going  to  be  ust-d  in  a  relatively  abort 
period  of  tlae  3iay  be  safu4y  stored  .it  3U»F  (IQ-C).  For^long 
term  storage  (6  tnonthB  or  mure)  temperatures  of  0*F  (-18*C),  are 
rei:oiiunended.     tiaulaion  changes  are  minimized  at  these  temperatures 
Relative  liumidity  s«lu)uld  be  between  AO  u>  60  percent,  preferably 
nearer  40  percent . 
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It  tumtiiitt  Unt  '  \ 

Th«?  oyo  HiKimmt  l»  rtl  ly  ailJuttlH        .  »(  nigt*  Ih  th**  to  lor  quality 
of  th*?  lUuoinatlon  Himrcu.    CoUn  t  Urn**.  unfartuV^tely.  do  not  have 
this  capability.    They  are  conattWt«'d  t«  meet  lighting  litHatlonB 
having  specific  spectral  qualities.    Therefore,  a  ^oXor  ff&uXaion 
will  most  accurately  reproduce  the  colors  of  th«  su^bject  when  ex- 
posed under  illumination  for  which  it  is  balanced.  \  • 

Spectral  quality  refers  to  the  various  combinations  of  irave- 
lengths  present  in  the  light  source.    Daylight  consists  of  approxl- 
Biately  equal  amounts  of  these  wavelengths.    Daylight  color  films, 
therefore,  must  receive  equal  amounts  "f  these  r«!iatlana  in  ord^ 

to  produce  a  satisfactory  color  balance  k 

\ 

Tungsten  illumination  Is  comparatively  high  In  red  and  deficient 
Itj  blue  wavelengths.    For  this  reason,  turigsten  color  films  have  a 
relaclvely  higher  blue  sensitivity.    Due  to  this  increased  sensitivity, 
If  exposed  under  daylight  conditions,  tungsten  reveraal  eaulaiona  will 
liave  a  predominately  bluish  cast.    On  the  other  hand,  daylight  color 
films  appear  reddish,  if  exposed  under  tungsten  Illumination. 

W)^never  possible,  the  source  of  llluralnHtion  and  the  color 
emulsion  should  be  matched.    However,  situations  sometimes  arise 
that  make  it  necessary  to  use  color  emulnlons  and  light  sourc«o 
that  do  not  match.    Under  certain  ci>adittons,  acceptable  results  \ 
can  be  obtained  provided  filters  are  used  to  alter  the  spectral 
quality  of  the  light  source. 

CHARACTFRISTICS  OF  MOTION  PICTURE  FlUf 

RequlremtTTUs  of  Motion  Picture  Film 

Although  motion  picture  film  follows  the  basic  structure  of 
film,  thf>re  are  some  cJmracter istics  of  motion  picture  film  which 
need  d  tscussing. 

The  base  of  a  motion  picture  film  for  use  In  the  laboratory 
ni'ist  possess  several  very  important  properties.     One  of  the  most 
important  is  flexibility.    The  film  must  be  able  to  withstand 
being  bent  or  flexed  many  times  during  processing,  duplication, 
and  projection.  ^ 
i 

Motion  picture  film  requires  a  i^trong,  tough  base  with  ex^ 
eel  lent  wearing  qualities  because  it  has  to  be  transportedt  often 
at  liigh  speed,  by  mechanical  teeth  wfiich  <*ngage  perforations  located 
along  the  edges  of  the  film.     In  addition,  the  film  is  subjected  to 
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•tr««t  «ml  strnln  durlitg  prucestfliig,  printing,  <Mid  projection. 

One  factor,  not  a*  critical  now  as  ii  ha»  b«n  in  the  past, 
is  the  degi^ee  of  inf loMiabillcy  of  motion  picture  liln.  Hany 
yeare  ago,  notion  picture  film  wae  ronde  aJiaosc  entirely  from 
cellulose  nitrate.    Then  it  waa  discovered  tlwt  in  the  pretence 
of  high  heat,  cellulose  ni.ttate  would  sooetlaiea  burst  into 
/  fiamea  due  to  the  decomposition  of  the  .nitric  and  sulfuric 

acids.    This  led  to  the  production  of  improved  film  bases  and 
the  ultimate  production  of  acetate  base  materials.    Now,  except 
in  rare  cases,  most  motion  picture  bases  are  made  of  flame- 
resistant  materials. 

J  An  easy  method  of  identifying  nitrate  base  film  is  to  check 

y    .  the  edge  of . the  film.    Nitrate  base  film  nearly  always  has  the - 

words  "NITRATE  FIIK"  printed  at  frequent  intervals  along  the 
edge  of  the  film.    The  danger  in  using  this  method  is  that- there 
Is  a  chance  the  acetate  filra  has  been  printed  onto  nitrate  base 
film,  or  vice  versa.    This  can  cause  a  mlsidentlf icatlon.  So, 
when  inspecting  st-ored  film  for  any  nitrate  base  film,  be  sure 
^  .      .to  check  carefully.  . 

'    Anottwr  method  oi   identifying  nitrate  base  film  is  through 
Ita  peculiar  odor  of  nitric    acid.    When  a  can  of  stored  nitrate 
base  film  is  opened,' a  strong  odor  of  nitric  acid  fills  the  air. 

Sinc^  about  1950,  virtually  all  motion  picture  films  have 
been  coacJd  on. safety  s^iports  (most  often  with  the  words  "SAFETY 
FILM"  printed  frequently  along,  the  edge).    These  supports  6re  of 
cellulose  triacetate,  or  acetate  propionate  materials.    The  latter 
is  used-  only  for  multilayer  reversal-typo  color  films.    These,  of 
course,  are  flame  resistant  and  have  excellent  dimensional  stability. 
They, provide  a  very  satisfactory  base  upon  which  to  bond  the  all- 
important,  light-sensitive  film  material. 

^        Motion  Picture  Film  Configurations 

Eigure  1-15  Illustrates  f  our  t:onf  igu  rat  ions  of  motion  picture 
film  that  might  be,  seen  in  the  field.     In  the  figure,  the  most 
obvious  difference  Is  aize;  tw6  are  16mm  films  and  tvffll*are  35mm 
films.    Another  difference  is  that  two  of  the  films  are  f-<Jr 
silerjt  pictures  while  the  other  two  Include  a  sound  track.  Look 
at  ths  16b»i  sourtd  film  a  little  inort-  closely  and  see  a  third  dif- 
ference.    The  I6mm  aouj\d  film  has  sprocket  holes  down  one  side 
only,    thit*  is  to  allow  space  for  the  sound  track.    The  film 
would  be  too  narrow  to  accommodate  the  stjund  track  if  it  had 
sprocket  holes  on  both  sides.    In  the  case  of  35ian  film,  there  is 
•pace  for  both  a  sound  track  and  the  sprocket  holes. 
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sprocket  holes  ore  Che  perforntlonB  ilown  the  edge  of  the  iiln. 

These  holes  engage  teeth  In  both  tlic  pamera  mid  P'^J^c tor  which 
move  the  film  along  the  film  travel  path.    Note  that  the  3™  flln 
has  more  sprocket  holes  than  the  16mra.    Tills  la  because  the  33i« 
film  oust  travel  it  a  ^^aster  speed  through  the  proj«:tor;  therefore, 
more  sprocket  holes  are  provided  to  lessen  the  chances  of  testing 
the  film.    The  160©  film  will  permit  exposure  of  UO  frsraes  p« 
foot  (Just  over  131  frames  per  meter)  while  the  35mit>  film  will 
accominodate  only  16  frames  per  foot  (or  about  52.5  frsnes  per 
meter) . 

Spooling  »" 

Motion  picture  film  is  supplied  on  many  types  of  cores  and 
In  several  type^  of  winding.    Filos  that  are  said  to  be  'w«»ttd 

on"  are  fastened  to,  and  wound  around  a  solid  core  (center)  and 
cannot  be  removed  except  by  unwinding  the  film.  Often,  f^^"^® 
Initially  wound  on  a  collapsible  spindle  which  is  then  removed 
and  the  solid  core  inserted.  However,  In  the  ease  of  inserted 
winding,  the  film  Is  not  fastened  to  thv  core.  Be  careful  when 
handling  the  film  and  do  not  allow  It  to  slip  loose  from  the 
core  inadvertently.  If  the  film  does  sUp  loose  from  the  core. 
It  will  be  totally  uncontrollable. 

Two  different  windings,  designated  as  winding  A  and  ^^^8 
B    are  used  for  motion  picture  film.     The  purpose  of  these  windings 
Is  twofold.    The  first  reason  Is  idt-ntif  ication  of  the  position  of 
the  soundtrack.    On  I6mm  films,  the  sotmd  track  Is  lo^at^  J" 
edp.o  of  the  film  where  there  are  no  perf orat iojiS;;^^^  35mm  fllos. 


t>u.  sound  track  is  "ocated  on  the  Inside  ^-tlle  perforations  along 
.-m-  side  of  the  film  (see  figure  1-15).     To  Identify  the  film  as 
A  or  B  wind,  the  fUtn  caust  be  wound  onto  a  core,  emulsion  in,  with 
\\iL^  head  end  of  the  film  coming  off  of  the  top  of  the  reel,  going 
fruiB  ieli  to  right.     U  all  of  these-  conditions  are  met,  and  the 
'v,undtrack  is  toward  the  operator,  the  film  is  said  to  be  in  the 
A  wind  position  (see  figure  1-16).     If  all  of  the  conditions  hold 
true  and  the  soundtrack  Is  away  from  the  operator,  the  fllja  is  in 
thf  B  wind  position. 

The  other  use  of  A  and  B  windings  Is  to  describe  the  manner 
in  which  the  Information  on  the  film  was  recorded.     If  the  In- 
forination  on  the  fli^i  can  be  proper ly  - re^jd  by  viewing  it  through 
the  base  of  the  film,  the  film  Is  in  the  B  wind  position.     U  it 
can  be  read  through  the  emulsion.  U  is  A  wind.    This  Is.  important 
because  not  all  motion  picture  films  used  by  the  Air.  Force  contain 
a  soundtrack.    When  flla  is  proct-asid  (camera  original).  It  Is  in. 
the  B  wind  position.    When  a  contact  print  is  made,  (eaulsion  to 
emulsion)  the  position  of  the  Information  is  reversed,  and  therefore 
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the  prtet  10  A  wind.    Thl.  holds  true  for  ail  width.  oC  notion 
ptqture  film  (16,  35,  or  70inin). 

Reversal  Films 

In  the  conventional  negative/positive,  iy.teffl.       »Jt.in  cHa 
positive  f  Utn  needed  for  release  to  the  ^^^^J;;^^^^^^  "^^J^ 

to  make  positive  prints  from  the  negatives.  Although  the  quaixcy 
of  The  end  produc'tion  warrants  it,  this  proce.s  is  t^^e  consuming 

involves  large  quantities  of  material      To  cut 
element  for  special  projects,   (where  speed  ^«  ^^^Jt"^^ 
quality),  use  a  film  which  can  produce  n  positive  <««f  * Vliiafin,. 
scene)  i^ge  during  processing  and  eliminate  intermediate  duplicating 
seeps.    This  type  of  film  is  known  as  rev^Tsal  film. 

Th.ro  are  no  basic  structural  differences  between  negativr 
A  .1  rnm«-  and  while  it  is  possible  to  reverse  any  black- 

and  reversal  films,   ana  wniie  iu  i     i  „,„„t  f4i-,  has  an 

and-white  film  to  obtain  a  positive  image,  reversal  film  has  an 
emulsion  designed  especially  for  ihe  reversal  process. 

Reversal  film  has  other  advantages      O^f^^J^^^/"/,^  '^^^^^ 
developed  reversal  film  Images  are  found  to  ^^^^^^^  ^^^f^^^^^^ 
those  obtained  by  developing  a  negative  and  Pointing  P^^f^^^J 
from  it.    Remember,  the  larger  the  grain  in  ^^^^  .^^^^ 
sensitive  it  is.    Consequently,  the  larger  grains,  being  those 
Tlci  a^:  exposed  most  easily,  pr.niu.e  the  negative  Image^  They 
Are  developed  and  then  removed  by  a  bl.-ach  solution  during  tne 
Tewtraf  d^eloping  sequence.    The  remaining  silver  halides  heing 
smaller,  develop  up  to  a  finer  grained  positive  image. 

If  rcvers..!  film  pro^-ides  a  po.Utve  image  ^^^Jj^"^^ ^^1;%"^^ 
esuty  of  goin,  through  the  other  phases  of   the  P^"d"^%^°" 
cess    why  bother  with  any  other  type  of,  motion  P^^^f/ J ^if^.^^  . 
us  n;  rewrsal  film,  the  need  for  negative  film  could  be  -^^^^^^^ 
Int^rely.     There  are  two  basic  answers  to  tnis  question.  First, 

Itivl  film  is  used  when  a  large  nuantl.y  o  ^?P^-« 
r^de  for  release  to  other  agencieR.    The  films  that  are  'i^^ed  in 
ZL.  p  oduc  ion  of  reversal  prints  h.we  inadequacies  tha  restr^ 
Xir'uees.     Thus,   the  quality  of  the  release  pr  nts  would  slip  U 
reversal  films  were  used  for  master  iirod.utlon  films.     The  second 
eiron    s  that  a  finished  motion  picture  f  ilm  is       «       f^^^,^^  ' 
se^ents  of  the  film  spliced  ^ogeOy  to    orm  t        ina  ^^^-^ 
orlnt      To  get  the  final  release  print,   Ir  is  "«ce8aary 
TupricaJ  copies  of  the  reversal  master  so  that  ^^/^^^^J^f 
cat  and  spliced  daring  production.     This,  too,  would  result  in  a 
loss  of  quality  • 

Positive  motion  picture  films  are  obtained  by  two  methods. 

They  are  produced  either  bythe  reversal  process,  or  from  a 
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sie&atLvt  onto  inuiitlvi-  nwtt^rlal.  Atfhouil.  r»iver«»*»l  fllma  are  lixaluM 

in  their  utt«  bftauue  the  oitgiiuil  in  the  *MUy  positive,  additional 

poiiitivee  cdn  be  wadu  tf  iiee<i«di  Since  tlief«  are  faasy. JlimiJlirUies 

in  tha  several  systema,  they  will  bo  discuaaed  together. 

Generally,  when  many  prints  are  needed,  the  procedure  is  to 
inak£  an  intermediate  positive  from  the  original  negative  filn  and 
then  make  duplicate  negatives  to  produce  the  release  prints.  By 
using  duplicate  negatives,  as  many  release  prints  as  needed  can 
be  produced  without  damaging  the  orliiinal. 

When  intermediate  positives  and  duplicate  negatives  are  made 
to  produce  release  prints,  what  kind  of  t  tlm  should  be  used?  (To 
simplify  matters,  this  discussion  only  deals  with  black-and-white 
films).    The  release  positive  film  Is  a  slow  speed,  fairly  contrasty 
photographic  material.    Us  emulsion  is  generally  blue  sensitive  only 
and  is  applied  'to  a  ^lear  base  having  hl^h  scratch  resistance.  High 
scratch  t  isistance  Is  necessary  to  protect  the  film  from  the  frequent 
'handling  that  it  receives  from  the  using  organizations.    The  release 
positive  material  should  also  be  extremely  fine  grained  and  have  high 
resolving  power  and  Image  sharpness.    When  producing  release  positives, 
these  factors  should  govern  film  choice. 

An  advantage  of  using  an  intermediate  positive  and  duplicate 
negatives  to  pr^xluce  release  films  l8  that  it  is  a  very  effective 
way  of  producing  large  quantities  ot  high  quality  film.    Also  the 
various  steps  allow  the  correction  of  any  undesirable  densities  or 
contrast  that  may  be  found  in  the  original.    The  steps  also  allow 
control  of  the  be tween-scene  densities  in  the  flnishaJ  print  so  that 
light  scenes  Intermixed  with  dark  scenes  can  be  avoided.    But  if  only 
one  or  two  release  prints  are  needed  for  iim^llate  use,  this  process 
is  too  long  ami  costly.    What  should  be  done  Instead? 

In  this  situation,  turn  to  a  reversal  duplicating  film.  This 
id  4  slow-speed,  or Lhochromatic  (non-red-sensitive)  film  thai  is 
used  for  making  duplicate  positive  prints  for  ixaoediate  release. 
It  is  also  acceptable  for  producing  black-and-white  positives 
from  color  reversal  originals.     By  using  reversal  duplicating 
film,  one  or  two  copies  c-tfn  be  produced  tor  immediate  use  and 
would  stlU  preserve  the  original  copy.     But  remember,  the  quality 
will  suffer  since  this  does  not  have  the  control  afforded  by  the 
previous  procedure. 

(kcaslonally  one  may  tx;  called  upon  to  produce  positive  films, 
such  as  titles  or  silhouettes,  where  extreme  high  contrast  i»  desired. 
In  this  case,  use  a  hlgh-Cimtrast  pi>sitive  film.     Sensitive  to  blue 
light  only,  and  quite  slow,  this  film  gives  the  extreme  blacks  and 
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whites  that  are  r««juired. 
REVIEW  QUESXfONS 

DO  NOT  WRITE  IK  THIS  SW  -  USE  A  SEPARATE  SHEET  OT  PAPgl. 

1.  What  Is  lighjt? 

2.  What  portions  of  the  electromagnetic  spectrum  are  photo- 
graphlcaUy  significant? 

1.    What  is  the  approximate  eU'c  tro magnetic  range  of  the  viiible 

spec  trum? 

4.  What  type  of  radi.ition  is  dlret  tl  y  above  the  visible  ipectrmn? 

5.  Wliat  are  the  additive  prijn.iry  tolors? 

6.  How  are  additive  primary  colors  used  to  produce  white  light? 

7.  Which  primary  colors  are  used  during  the  original  photo- 
graphic record? 

8.  Wl\at  are  the  subtractive  primary  colors? 

9.  How  are  subtractive  primary  colors  produced? 
10.     What  are  complementary  colors? 

U.     How  are  c  onipl<'oenti»ry  color«  lo.  .itcd  on  the  color  star? 

1^.     How  much  of  Che  visible  spectrum  is  absorbed  by  an  additive 
primary  filler? 

13,     How  much  of  the  visible  Hpt-ctrum  will  an  additive  filter 
r  r  an  sm  1 1  ? 

Subtractive  primary  filters  transimlt  and  absorb  how  Ouch 
of  the  visible  spectrum? 

15.  What  is  the  effect  of  .supet -imposing  two  subtractive 
filters  over  a  single  light  source? 

16.  What  Is  the  effect  of  additive  filters  over  a  single  light 
source  ? 

17.  |f  a  cyan  filter  and  a  yellow  filter  are  superimposed  in 

be.^  of  white  light,  what  would  be  the  resultant  color 
of  trie  beam? 
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16.    What  iti  the  chief  advancago  o£  uhc  Additive  printing 

19.  What  iB  tha  advantage  of  tlia  subtractivc  printing  tystm? 

20.  What  is  the  purpose  of  the  yellow  filter  layer  in  color 
film? 

21.  At  what  point  In  ihe  color  process  is  the  yellow  filter 
removed? 

22.  Why  aru  the  color  Images  not  visible  at  the  end  of  the 
color  development  step? 

23.  What  color  dye  is  formed  In  the  middle  layer  In  the  color 
reversal  process? 

24.  What  l8  the  function  of  thi»  first  developer  in  the  color 
reversal  process? 

25.  What  Is  the  purpose  of  the  aecond  exposure  in  the  color 
rever.sal  process? 

26.  Since  there  is  fto  red  dye  in  color  reversal  film,  how 
does  an  object  appear  red  when  projected  or  viewed? 

27.  How  slwuld  color  films  be  stored? 

28-    Deacribe  Home  of  the  requirements  of  a  motion  picture 
film  base? 

29.  How  can  nitrate  base  film  be  distinguished  from  safety 
base  film? 

30.  Wtkat  are  .some  of   ihe  advantage.',  of  using  a  reversal  film 
instead  of  a  normal  negative  film?    What  are  some  dis- 
advantages? 

PRACTICAL  EXERCISES 

EXSICISE  I 

PROCEDURES 

00  NOT  MARK  OR  WRITE  IN  THIS  SW.    Use  a  separate  sheet  of  paper 
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for  the  tiluitrntlaiiH.    Cowfitft*'  pm  iu  «  ftirotfgli  #  e»  directed  tiy 
the  Initructor.    Turn  In  the  nniWtrM  t  or  vvotuatlon  when  coapleted. 

a.    List  the  additive  prlaary  color s  and  their  corrcipondirg 
subtractlve  priiaaries  as  cswiplemcnts. 


Figure  1-17.    Color  Star 
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c  Kill  in  th«  tumuH  of  thw  voh.rH  I  uewi«d  t»y  i?vor!owt«i  t«» 
three  flubtrnctlve  prlmnrles  lllters  t.ver  a  single  light  iource. 


ill  tiriU'i  liu* 


Of  WUf  UlfMt 


Figure  1-20.    Dispersed  Light 
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e.    To  imlicate  the  effects  of  filters  on  white  light,  ui«  the 
appropriate  symbols  R,  C,  and  B  to  Indicate  colors  tr«ie«itt«d  «iut 

an  p_  to  Indicate  colors  absorbed. 


Figure  1-21.     FlUrr  I.ffe^ts 
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EXERCISli  II 


Use  a  separace  nheet  of  paper  and  ccunplete  procedures  a  gnd  b. 

a.    The  following  Illustrations  represent  cross-sect lens  of 
negative  color  film-    The  cop  Illustration  represents  colors  of  an 
original  scene.    Mark  an  (X>  in  each  block  of  each  Illustration  that 
is  affected  during  exposure  to  the  additive  and  subtractive  primaries 
and  then  processed.    No  errors  are  permitted. 


ORIGINAL  SCENE 


WHITE 

RED 

GREEN 

BLUE 

CYAN 

MAGENTA  YELLOW 

BLACK  1 

COLOR  DEVELOPER 


V 

 1 

.     

■  EACH' 

\ 

! 

! 

1 

I 

...^   . 

—      ■  < 

1 

— 1  ^ 

1 
1 
1 

 j 

I 

1 
t 
1 
\ 
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Figure  1-22.    Negativ.'  Process 
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^    b.  .  The  fuUtwing  lUMKtr«fUni  i^|n»'Nuwi  frt»Mi*M4'tltfM  of  «;*»liir 
^  reversal  film.    Th©  tup  liluMtnitlon  n«|M  iiiisnta  colors  of  «n  orlglnul 
8cene.    Mark  an  (X)  In  each  block  of  t»ach  lUuatratlon  that  la  affactad 
during  exposure  to  the  additive  and  fiubtr.ictlve  priraariea  and  than  pro- 
cessed.   Ito  errors  are  permitted. 


ORIGINAL  SCENE 


whiteT  red 


CYAN  MAGENTA 
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GREEN  I  YELLOW  I  BLACK  J 
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SECOND  EXPOSURE 
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FINAL  DYE  IMAGE 


Figure  1*23.    Rover s.il  Process 
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ICXIOtClSK  III  -  • 

Referring  to  cht-  attached  figure,  anNwer  all  of  the  following 
queationa. 


□ 

THE  END- 

□ 

D 

i  m  END 

□ 

□ 

a 
o 

□ 


Figure  1-24.    MotlvTn  t  icture  Filia 
ThlH  flgur.-  iUustrat.  s  a  copt  u  t  pt  Int  from  a  "B  wind"  original. 

a.     Which  side  at   thi-  H  Ijn  Is  luwar.i  you? 
^^iH  this  print   "A  wind"  or  "B  wind?" 

c.  II  a  Huundlr.ick  w.i8  in.  lud.d  on  this  film,  where  would  it  be? 

d.  Is  tl.if'  aim  16Tmii't)r  3'>njm? 
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EqUlWENT  AND  SUI'l'LlKS 


16nOT  motion  picture  ciunera 

Exposure  meter 

16mm  dunsny  film 

16him  color  reversal  film 


Basis  of  Issue 

l/studen-t 

l/r.laf»« 

As  needed  , 

200  ft /student 


PROCEDUKES 


1.     Practtto  loadlnR  the  dummy  film  into  the  motion  picture 
^  cUTf^ra  as  directed  by  the  Instructor. 

2:     using  the  dummy  film,  pracllrc  ( llmlnR  different  sceneB . 
3.     Load  thf  unt-xposed  film  into  thr  camera. 

k.     Using  camera  exposure  settingn  determined  by  ^the  instructor, 
expose  several  different  sten«'8. 
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COLOR  CHimSTRY 

OBJECTIVES 

List  the  major  processing  steps  that  are  required  for  processing 
different  types  of  color  film. 

List  the  cinnponents  of  the  proiosfl  In  t>rder  and  briefly 

explain  the  purpose  nf  each  component  . 

4JsinK  packaged  ME-4  c  olor  chemU  als,  chemical  nixing  facilities 
and  equipment.  mU  ME-4  color  chtmli  ils  following  the  manufacturer  a 

Instructiiins ,  '  ^ 

INTRODUCTION 

The  llnal  niep  in  th«  produc  tion  ot  .,n  image  Is  that  of  processing. 
There  are, numerous  photographic  processes,  some  produce  a  negative  image. 
%*liile  others  produce  a  positive  Iroagi*; 

-      Somt-  of  tht'  processes  ihat  wiVl  he  dLacussed  are  EA-5  used  for 
processing  of  at-rial  rolor  Ulms,  E-^«  used  to  hand  process  color 
reversal' films.  ME-4  used  to  machlnt-  process  potion  picture  reversal 
films  and  finally  E-f).  one  of  the  newest  color  reversal  film  pro- 
cesses. 

Slncf  most  of  these  processes  ..re  similar,  this  SW  will  con- 
centrate on  the  process. 


INFORMATION 


COLOR  PROCESS  IMC 


Tu  better  .inderatand  ^he  st.-ps  needd  to  process  color  films 
a  review  of  the  bloek-and -white  process  is  required.     In  the  black- 
and-white  process  a  developer  (redu.  er)  .  uanges  the  exposed  silver 
halldes  Into  black  metallic  silver.     The  i ixer  (hypo)  converts  the 
remaining  silver  halldas  into  water  solu.ible  silver  complexes.  All 
that  remains  on' the  film  a.ter  processinn  is  a  black-and-white  neg- 
ative sliver  image. 

Color  plegative/ Positive  Proceeeing 

When  a  color  negative  is  viewed,  alihcmgh  colors  are.  present 
throughout  th«  entire  negative,  it  is  not  .completely  opaqv^.  That 
Is    one  can  still  see  throjjgh  any  portion  of  the  negative.  This 
mt^ns  that  metallic  silver  no  longer  remains  in  the' emulsion  after 


processing.    Since  only  a  color  dy.-  Ima^.'  ««w.ln.,  «  sJlght 

Xnrrr^L-^i:  rr....  -^e,,y  Uu.  „  »pecl,.  r.,lor 

developer  U  uaed .    The  second  part  Ism-re  difficult. 

It  is  already  km.wn  that  the  fix  r.^oves  the  silver  Glides  and 
has  no  e  tcct  on  the  ricCaUlc  slW.T.    Therefore,     f.  the  metallic 
t'lw:    :ln  b'e  changed  bacK  Into  sUv...  J''- V^^'^y    n  ro- 

fUm,  the  sliver  can       re.ov..i  ™"J.'„?  the  bleach 

ductng  a  ""^^.-^^^.'^.^^tir'  rtoTlCr  halldcs  one. 

is  t,.  change  al    o  I,,  ,  p,rtlcles  le-vln, 

r,^w":  n.      i'  .    n.    -J  "f  the  ne..,tlve/poSltlve 


process  ,irt': 

!  .  '  Color  5)«*vt'  IdjH-r 

2.  Bleach 

3.  Fix 


ThP  cn;^ra'n  ors.n>;e  cast  seen  oo  r  c-lor  negative  Ib  purposely 
bulU  intr^hc  liTto  correct  for  unw.nu^  dye  transmission  «nd 
abt^  P  ion  qualities.     Process  ETN-.'  or  the  P-^^ 
are  t^ically  us.d  for  processinK.  o^l-   '-gative  f 

Reversal  Processing 

T,,..  purpo... u„.  rcvers...  p-;;;,;;:/:,:,"„r:r.:;i^u™:diato 

J  j<r..,.fiv  f  rem  t  hi-  exposure  (.wiliHun    i  nt  ur^* 

image  directly  I  ram  i  m    »j^f  .hh.  )  thr  most  t  ommon  nx- 

ne^ative).     A  color   l  r  an.sparcnc  y  (a   slid.  )  tnr  mn 
ample  of  the  reversii  J  process. 

s„....hi,„  ..tr.  ™.s.  h,.  uur:.i.„,.i  u,  ' 

positive  l,.;:,.;po  "o  d^/elop  a  negative 

by  uslnK  .  modified  bUck  ,,nd  «h  U   ^  \  „m  unexposed  allver 

r;;rdes.""  L'niriTlL:  rX;,,..  -..icaay  -.or  devewer 

L  posulve  silver        P;ji'/-;„t-„„  r^i^^ry  ^Tn^he^atlve/ 

and  fix  steps  act  exactly  the  samt   iicri  .i»  y    7  ^„^aVJ4r  oilver 

ano  rxx  M  i-m  ti  changes  the  inetaRlc  stiver 

positive  processing.     That  is,  tnt  »    or  imary .  steps  in  /i 

to  silver  halides  and  the  t ix  removes  them.    The  primary. st  p 
ba.slc  reversal  process  are;  '  . 

*  ,  *  ■ 

1.  First  devel  'per 

2.  Color  developer  .         *  * 

/ 
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31 .  ttittach 
4«  Fix 

There  is  nu  overall  orange  maaV  on  .1  color  transparency 
because  a  transparency  is  designed  prioarLIy  for  direct  viewing. 
Various  reversal  processes  are  as  followts: 

PROCESS  E-4.    The  E-4  procesH  Is  usfd  for  processing  still 
photography  reversal  films.    The  ithetnistry  may  be  used  in  con- 
tinuous processors  or  in  mattual  daylight  processing  tanks.  This 
process  consists  of  thirteen  steps  and  the  average  processing 
tempera ture-^is  85*F  (29.4'C).    Processing  time  is  56  minutes. 

PROCESS  E-6.    Tlu*  most  recent  develupment  in  still  reversal 
proteasing  Is  tUv         process.    Designed  to  replace  the  pro-- 
i!ess»  this  pruce^is  consists  of  ten  steps  and  operates  at  lOQ^F 
{37.8*C).    The  higher  process  teQ4>eraturi*  reduces  processing 
tlraiis  by  approx  liuattf  ly  50  pi'rcent  •     In  addition  to  the  reduced 
number  of  chemicals  used»  sdnne  ecoluglca]  changes  have  been  made 
also.    The  bleach  has  b^n  Iroprbved  to  prevent  corrosion  of  metal 
tanks  and  environmental  pollution. 

PROCESS  EA-')-     Ttw  EA^5  p»Ljc4!Jir,  Is  r>Lmllar  to  the  E-<» 
process  except  ttiat  U  is  designed  t  onr  prucessing  aerial  reversal 
films  in  continuous  processors.    Tlu-  EA-'>  process  essentially  con- 
tains the  same  chemistry  as  E-^/ but  proci-ssing  temperatures  are 
IIS^'F  (^b'^C)  as  opposed  to  85**F  (29-4*C).    This  allovs  for  faster 
processing  times  Init  it  also  poses  more  control  problois  resulting 
In  stricter  tolerances* 

\       PROCESS  Process  ME-4  Is  the  currently  recommended 

process  for  *kiach,rume  ER,  EF,  MS,    md  color  print  reversal  motion 
picture  films.     Basically,  this  pro^v'ss  ion  tains  the  same  chemistry 
as  the         and  EA-S  processes.    Proiesslng  temperatures  nay  range 
from  95**  tuilO**F  (35*  to  ^  \^C) .    T  te  pmcess  is  critical  #id  one 
slightly  off-standard  condition  or  the  presence  of  contaminatim. 
may  adversely  at  fee  t  quality- 

CHQilCAL  COMP()MQ*TS 

The  Mi  4  chemical  cumpunentb,  functions,  and  processing  steps 
are  explained  in  the  follcnvlng  paragraphb^ 

Prehardencr 

The  prehardener  is  the  first  MK-<t  prucessing  step.    The  two 
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major  components  of  this  Bolutlon  rtn-  f omialdehytlt?  and  aucclnaldehyde. 
•n«9e  two  aldehyde  groups  act  to  harden  the  emulsion  of  the  film. 
They  work  In  an  additive  fashion.    Tliat  Jk,  the  two  chonlcals  together 
act  raore  effectively  than  the  enin  total  of  each  alone,    Theae  aldehydei 
react  by  cross-linking  with  each  other  tu  har<l^  the  enulsion,  and  to 
reduce  emulsion  Bwelling,  making  the  film  more  resistant  to  physical 
damage.    The  prehardener  also  supplies  antlfoggsnts    to  prepare  the 
fllffl  for  first  development. 

Prehardenlng  time  controls  tie  .imount  of  hardening  and  the 
thickness  of  the  gelatin  emulsion.     Incn-asing, or  decreasing  the 
treatment  time  changes  sensitoroetrl^  spi'id  (30  seconds  -  1/6  stop). 
Because  secondary  effects  may  result  fnwi  over  or  under  hardening, 
do  not  use  prehardener  time  adjustments  for  process  control.  In- 
creased temperature  or  Increased  prvhardfning  time  causes  art  In- 
creased rate  of  hardening.    Thus,  for  optimum  results  the  tempera- 
ture must  be  kept  within  +  I'F  (^O.-j^C)  of  the  reconmended  processing 
temperature.    Recirculation  must  «ls.i  b.-  rontrolled  to  prevent  foam 
from  forming  on  the  solution.    Air  bubbU-a  In  the  solution  can  cause 
uneven  hardening  and  produce  spotH  on  .he  film. 

Neutral  izer 

The  neutralizer  forms  harmlcKS  complexes  with  any  aldehydes 
carried  over  from  the  prehardener.     In  this  way  they  cannot  react 
with  the  first  developer.     There  ate  normally  no  control  problems 
with  the  neutralizer.     Its  reaction  Is  rnpld  and  goes  to  completion 
with  no  further  effects. 

First  ^Developer 

In  the  first  developer,  the  I'xposcd  areas  of  the  film  are 
developed  to  give  a  black-and-whli  e  nenailve  sliver  linage  in  each 
layer.     In  general,  the  first  devolDper  Is  a  very  stable-  easily 
controlled  solution.    Wien  any  cfonst  ittients  are  of l-standards, 
there  Is  usually  a  well  defined  'c<.rr«- l.i t inn  with  sensttaoetrlc 
results.    Treatment  t  Ime  In  the  flrfu  developer  controls  sensito- 
metric  speed.     As  a  rvle  of  thumb,  one  minute  is  equivalent  to 
about  one  camera  stop  In  speed.     Thly  Is  useful  for  forced  pro- 
cessing of  films.    The  major  components  are  similar  to  those 
contained  in  other  black-and-whltf  dt'vilojjers.    These  components 
consist  of  a  solvent,  reducer.  ac«  elcritor,  restralner,  and  a 
preservjt Ivc , 

The  reducer  Is  n  ccmjblnatlon  of   hydroqulnone  and  phenldone 
(a  metol'llke  chemical).    The  other  «  ompmients  are  the  same  as 
those  used  In  the  developer  that  was  discussed  In  Block  I. 
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The  ate    b^'-.h  ta  a  iwffered  actt  Ic  .u  ld  solution  %rhlch  stops 
developnent  and  repl*:e8  the  chroiae  liardoaer.    It  sliaply 

stops  the  action  of  the  flrnt  developer.    By  proper  replenistoent , 
the  pH  of  the  bath  can  be  maintained  within  control  Holts.  High 
pM  caused  by  excessive  carryover  of  first  devaloper^  or  by  in- 
adequate replenlahsaent,  cauHes  high  photographic  speed. 

First  Wash 

Each  j*t«p  In  thf  photographic  process  produces  by-products  which 
roust  bu  removed  from  the  emulsion.     Water  wash  baths  accomplish  this 
must  efftH  lively.    Tlw  wash  serves  to  re|nove  by-products  of  the  dev- 
elopment step  and  to  keep  the  acldU  firjSt  stop  from  contaminating 
tht»  alkaline  color  developer  which  toilers. 

Color  Dt'veloper 

In  the  Lolor  dt'vi  loper  solution,  the  remaining  silver  halldes 
are  sensltU^d  and  developt-d  to  a  positive  silver-plus-dye  Image. 
Reexposure  Is  accomplished  through  the  use  of  an  RA-1  fogging  agent. 
Thu  dye  Is  complementary  In  color  to  the  layer  sensitivity.    For  ex- 
ample, the  Imagf  In  the  biuo-swHlt Ive  layer  consists  of  developed 
silver  plus  yellow  dye.    The  los^e  in  the  green-sensitive  layer 
consists  of  developed  silver  plus  magenta  dye,  and  t!»  Image  In  the 
red-sensltlve  layer  consists  of  developed  silver  plus  cyan  dye. 
RA-1  Is  one  of  the  two  major  compaients  In  the  color  developer. 
The  other  Is  a  color  developing  agent  CD-3. 

As  In  all  development  systems,  the  principal  chenlcal  control 
In  the  color  developer  Is  pH.    Control  pH  carefully;  high  pH  pro- 
duces excess  yi  llow  dye  and  the  t  ln.il  Image  will  appear  yellowish. 
Low  pH  produces  Insufficient  yellow  dye  and  the  visual  appearance 
will  be  bluish.    Halj^talxi  the  pH  of  the  replenlsher  higher  than  that 
of  the  tank  to  make  up  for  the  pH  liwerlng  effect  of  the  development 
reaction  and  the  pH  lower liijj  effect  of  the  carbon  dioxide  absorbed 
from  the  air.     Store  the  replenlsher  under  floating  covers.  To 
maintain  the  correct  tank  pH,  It  may  be  necessary  to  adjust  the 
pH  of  the  replentsh&r  slightly  to  ci»mpensate  for  differences  In 
nmchlnet*  and  storage  condii  ions. 

Second  Stop  Bath 

Tte  second  stop  bath  stops  the  actioi^  of  the  color  developer 
carried  over  by  the  film  and  reduce ^  emulsion  swelling.    This  solu- 
tion ren^jves  oxidized  color  developer  agent  (CD-3)  from  the  fll», 
and  its  pH  should  be  held  to  standard  by  proper  replenlshoait . 
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An  exhausted  (high  pH)  second  stop  "  •'^"f  J"  ^io' 

lights  because  CD-3,  carried  into  thi-  bUach.  further  oxldlres  to 

form  a  red  coiapound  • 
St2cond  Wash 

This  wash  serves  to  remove  by-products  (such 
trac'es  of  CD-3)  fro«.  the  color  devHoptm-nt  step  and  P!?^^^^^'^^^^ 
carry-over  fr«n  the  second  stop  ba.h  !  n.n  decreasing  the  pH  of  thr 
bulch  solution  which  follows.    A  Hecre....  in  pH  o    the  pleach  wlU 
cause  a  stain  called  Prussia,  blue.    Al..>.  a  low  flow  rate  of^ w«ter 
may  permit  some  CD-3  td  enter  the  bleach,  thus  causing  a  mag^ta 
HLatn  to  fortn^ 


Bleach 


During  the  bleach  process,  all  metnUlc  "ll«"-Jf  """""t  *° 
silver  saus  and  then  re,noved  by  the  fining  bath     The  "l^ach  alao 
cohorts  the  silver  In  the  yellow  filter   layer  and  the  ""^JhaUtlcn 
laver  to  silver  salts.     Inadequate  blea.  hlng.  due  to  low-broolde  or 
low-£e"lcyanlde  concontratlon.  app..,rs  .,s  a  cloudy  streaKlne.s  «Uh 
iark  red  aL  .nagenta  areas.    The  blench  _U  usually  trouble-free  a. 
long  as  proper  replenlstaent  is  mnincaim  d. 

Fixing  Bath 

AS  the  fll™  enters  the  flxln,-.  b.th.  It 

u4iifo»-  nnirs      Tli«*  purpose  of  tne  rixer  ih 

ititi   1  larze  amount  ot   sliver  sait  '.  rui^pw^^ 

■;it  ve  "  the  silver  salts  an..  ,  onv,Tt  the  remaining  .alts  into 

wa^er  soluble  ccnpounds,  l-avlng  .h,.  dye-  Images  int.,cl.  I™"""""' .  . 
f  IxlL  will  leav/traces  of  i.Uvc.  s.Us  In  the  film  which  'on  ^^ontlnued 
eipisure  to  light,  will  photoly^e  t,.  .et  .lUc  silver,  causing  the  final 

ijwigf  to  darken  as  It  ages. 

Final  Wash 

This  particular  wash  serves  to  romov,.  residual  ^i""'  ^""f 
„£  fixation,  and  any  remaining  small  a.no,mt  of  ""'^  '^'"'^ 
expounds  from  the  .film.    An  InadoqM.itc  1  inal  wash  will  give  poor 
dye  stability  In  the  final  imagery. 

t 

Stabilizer 

The  stabilizer  solution  hardens  the  umulsion  am!  stabilizes 
the  dir images.    The  atabilUcr  is  -m  Integral  part  of  the  process 

l^^  trrc^Led  for  good  dy.-  BtablUty.     Since  it  Is  th.  last  wet 
attp  in  tSe  process,  It  is  Importanc  to  Xc^p  the  i«.lution  cleiin 
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the  dolutlun.  - 

Drying 

The  final  proceitHing  siup  Is  to  dry  ihe  film  before  Ic  rolls 
up  on  the  film  takeup  core.  Drying  Is  performed  to  remove  excess 
muihkture  from  che  emulsion. 

In  Table  i,  thu  normal  temperatures*  pH  of  each  solution 
and  some  of  the  major  components  are  Included  as  a  quick  refer- 
eiu  e  to  process  ME-4. 

REPARATION  OF  COLOR  FROtKSS  SOLUTIONS 

♦ 

The  mixing  .»nd  pn-parai  ion  of  proc esslng  solutions  Is  a  major 
lattor  In  detenulnliiK  i  he  flJial  quaUiy  oi  the  photographic  product. 
Thlb  is  particularly  true  iu  protessiug  ic»lor  materials  since  more 
aolutlonn  are  used  than  in  normal  bl.irk-nnd -white  processing.  Minor 
errors  heru  can  cause  major  dlscrepam- leh  In  the  resultant  color 
ImaKes.    However,  thin  Is  only  cmc  ri>asoii  that  the  technician  In- 
volved in  the  preparation  ot  protes.sing  hulutlons  must  carefully 
observe  all  precautions  and  proct^luros  relative  to  his  task.  The 
second  reason  fi»r  extreme  c.ire  lies  In  tlie  fact  that  many  of  the 
chemicals  used  in  color  proi  e'idlr^jf  present  a  potential  hazard  to 
tlie  safely  of  those  who  handle  them.    Thi*  technician  who  allows 
himself  to  become  careless  In  this  area,  then,  is  not  only  jeop- 
ardizing the  quality  of  the  final  product  but  his  own  personal 
safety  as  well . 

In  consideration  of  product  quality,  the  techniques  used  to 
mix  pl»to  .solutlt>ns  are  in  nwiny  »  asu.s  juht  as  important  as  the 
chemical  ingredients  iised.    Temperature,  .igitation,  aeration, 
chemical  order,  and  rate  ot  addition  can  all  affect  the 
character isticf*  of  the  final  mix.    tMCe  mixing  is  completed, 
meaHurements  soch  as  npecif  Ic  grHvlty  and  solution  pH  can  be 
laade  to  indicate  posNlbillt  y  of  improper  preparation.     In  most 
ca^es,  if  no  sui  h  indication  appears  in  these  tests,  the  mix 
can  be  assumed  ^^ood . 

In  the  area  of  chomicul  mixing,  then-  are  certain  require- 
ments common  to  all  processi't*,  p«rtl.ulariy  in  the  physical 
aspects  of  the  laborattiry.    First,  rolxin*;  should  be  accomplished 
in  an  area  convenient  to,  but  dlNtin.  tly  separate  fr.<wj,  tte  pro- 
c*,o«lng  area.    Mixing  aveah  should  bu  we  I  {-lighted  and  MUST  be 
well  ventilated.    Above  all,  the  area  MUST  BE  CLEAN.  Chemical 
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TABLE 


PROCESSING  AND  RELATED  DATA  FOR  PROCESS  ME-i 


FRXESSINS  STEP 

1.  Prehardener 

2.  Neutraiizer 

3.  Flrsc  Developer 
Firsc  Scop  Bach 

3 .  Wash 


6 .    Color  Developer 


>nJ  Step  Bach 


a.  Wash 


9.  Bleach 


PH 


4.85 


5.10 


9.90 


3.50 


7.0 


11.65 


1.50 


7.0 


7.80 


Taijperacure 


95      1  (35  .+  .5) 


Major  . 
Cotspoaents 

HA-1 

Formaldehyde 


95  t  5  (35  +  2.8)    |  HA-1 

Hydroquinone 
98  +  1/2 (36. 7 j^. 28)  |  Phenldooe 

Acetic  Acid 
95+5  (35  +  2.8)    |  Sodium  Hydroxide 


100  +  2  (37.8+1.1) 


UO+l  (43.i+.5) 


95+5  (35+2.8) 


100+2  (37.8+1.1) 


RA-1  (TBAB)  Benzyl 
Alcohol  CD- 3 

Aceclc  Acid 
Sodium  Hydroxide 


95+5  (35+2.8) 


Pocassiun 
Ferric  yanide 


PURPOSE 

Hardens  the  emulsion  to  pre- 
pare for  high  temperature. 

lenders  residual  aldehydes 
inert. 

C-)nverts  exposed  halides  to 
metallic  silver. 

Lowers  pH  to  stop 
develc^ment 

Removes  stop  to  prevenc  con- 
caminacion  of  color  developer 


Re  exposes  film:  Develop*-  co 

a  silvtr-?lus-dye  image 


Sane  as  f.lrsC  atop 

ReTOves  stop  to  prevenc  con- 
caoinatioD  of  bleach. 


Converts  metallic  silver  to 
silver  halides. 


10.  Flx«r 


U.  Wash 


12.  Stabilizer 


8.20 


7.0 


7.0 


trnr 


T 


95+5  (35+2.8) 


100+2  (37.8+1.1) 

95+5  (35+2.8) 
-20  -II 


Sodium  thiosulfate 
Sodium  Sulfite 


Formaldehyde 


Cocivercs  silver  halides  td 
water  soluable  cooq^lexes. 

Dissolves  remaining  silver 
saltf . 

Stabilizes  dye  images. 
Prt^ces  even  drying. 


To  aid  In  Hie  priJV«int  t»Mi  at  lunitfrnltUi  lui>,  rintie  nil  oU  tantiB 
thoroughly  with  fre»h  \Mt  waiur  tti  li.ist  three  tlmen  betiieen  nixes. 
If  coneaiBlitaced  solutions  are  discowred,  «  lean  the  mix  tank,  the 
replenlsher  storage  tanks,  the  replenlsher  lines  and  filters,  the 
processor  tanks  and  recirculation  systeios  and  filters  thorot«hly 
before  nixing  fresh  chemistry. 

Handling  Color  Chemicals 

Figure  2-1  illustrate-  •come  of  tlte  cnutlon  markings  placed  on 
chemical  containers  by  a  b     ^acturer.    B»-  sure  to  abide  by  the 
warnings.    They  are  not  tc       treated  lightly.    Bcaae  color  pro- 
cessing chemicals  nay  cmXy  pr^uce  an  tnf  lionnation  of  the  dtin 
after  prolonged  exposure,  but  ^fhers  .an  lie  quite  dangerous  if  they 
are  mishandled. 

The  best  insuram  t.'  against  probl»*ins  <  aused  by  chemicals  is  a 
laboratory  and  personal  program  of  contact  prevention.    Many  pro- 
blems stem  from  the  fart  that  fairly  largf  quantities  of  hazardous 
liquids.  solventH,  and  solids  will  be  handled.     Even  In  small  quan- 
tities, some  of  these  are  hazardous.    Some  general  precautions  will 
follow.    Each  lab  will  have  many  additional  handling  precautions 
and  procedures.    Oiw  of  the  outstanding  preventive  measures  is 
cleanliness. 

HANDLING  LKJUIDS  AND  SOLVENTS.    S«ae  of  the  major  precautions 
In  liquids  and  solvents  hamlllng  are  listed  below.    R«j»enber.  these 
are  generalized  statements  and  may  not  include  specific  measures  es- 
tablished for  every  lab. 

1.  Keep  working  areas  clean  anti  fret-  from  spilled  solutions. 

2.  Wear  rubber  gloves,  protective  clothing,  and  tight-fitting 
goggl  ea— especially  whai  handling  I ar«e  quantities  of  liquids  or 
any  hazardous  liquids. 

3.  Always  add  at  id  or  alkali    to  water,  never  water  to  acid 
or  alkali. 


thtsn . 


6.  Flush  and  dry  the  »>utsld^*  ot  acid  bottles  before  opening 
5.    Take  care  in  opening  containers.    Never  leave  then  open. 


6.    Do  not  carry  t  oncentrated  at  Ids,   tlkalles.  or  irritants  in 
open  conta  Iner  s . 

f 

\ 

SW(;UBR2J330    00 1 -V 1-2 


FART 


CAUTION:  Mty  ctuw  sImh  irrita 
lion  Avoid  conifct  with  skin  Avotd 
k^iChmg  tfumf  tn  c*M  of  coniauf. 
flush  With  planfy  of  wBlw. 


PART 
E 


Contains  Formalitohydo 


WARNING  I  Causes  irntatuin  of  skin,  eyes,  nose, 
and  throat  Avoid  prolonged  or  rapaatad  contact 
Avoid  prolonged  breathing  of  va^  Usa  with  ade- 
quate ventilation  In  case  of  contact,  immadiataly 
flush  skin  or  eyes  with  plenty  of  water  for  at  least 
15  minutes:  for  ayes,  get  medical  attentidn 


POISON 


ANTIDOTE:  Give  a  tablespoon  of  salt  in  a  glass  of 

warm  water  and  repeat  until  vomit  fluid  is  clear.  Gh^ 
milk  or  whites  of  eggs  beaten  with  water.  CALL  A 
PHYSICIAN. 


F  1101 


PART 

c 

Contains  sodiurh  btsu(f«t9 

CAUTIOM:  Ma¥  ciVM  %km  tffitd 
ffon  AvQut  contact  inrifH  sinn  and 
ayes  tn        of  contact  M^ith  my^% 
g$t  modicai  attention 


PART  B 


bipfw  to 


OANaf  Kt  ONaaa 
ftiffi  and  wym  Do  not  gal  m 

on  tkm.  on  di^tiing  Oa  net 
fnrama%  Whan  fiandlm^  wraat 
0iat  or  faea  af^aM 

B  POISON  ■ 


AWniHITf  fiMHiai  He— 0»< 

of  «M»  fo»  tvn  •Hi*"  Wf0» 
of  «Mr        I»f«  tS  w^wtrtW 
gat  mtificai  liWiiiwI  Oo 

laigi  ■meiinfB  «f  tth^M^  vWMi'  Ifnwi 
CAU  A  PNVtlCIAM 
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7,   M»tn  tarKtf  Jwsttratmit  U«|«A«I  vtmiaiiwr*  on  or  nettk        flmaf  . 

b.    Stor^llatamable  solvents  In  approved  containers  and  away  fron 
Ignition  aourceli^  Store  theo  at  electrical  groaiwl  potential  by  Alloy- 
ing a  grounding  wire.    Obaerve  "no  aimiklng"  reguUtlona. 

9.  Do  not  breathe  (or  tontacc  v.ipor)  froo  solvents  such  aa 
formaldehyde,  ethylene  chloride,  chloroform,  and  bentyl  alcohol. 
Provide  forced  sir  ventilation  as  required—for  exanple.  over  the 
tanks  of  processing  machines  or  other  areas  *fhere  these  vapors 
exist. 

10.  Never  pipette  small  quantities  of  any  hazardous  liquids  by 
mouth.    Use  a  rubber  bulb  or  aspirrttor  pump. 

11.  Know  the  location  ot  emerBem  y  btnly  and  eye  showers  and  how 
and  when  to  use  them. 

HANDLING  SOLIDS.    The  principles*  of  luindling  solids  safely  are 
basically  the  same  as  those  ..f  handling  liquids  and  solvents  safely. 
That  is,  avoid  skin  contact  and  Inhalation.    Keep  chemicals  off  the 
skin,  out  of  the  eyes,  out  of  the  lunss,  and  out  of  the  stomach. 
This  Is  largely  accomplished  by  means  of  personal  protective  measures, 
mechanical  handling,  proper  .^itorage  and  transport,  use  of  ventilation 
hoods,  and  clothing/area  cJeanliness. 

All  bulk  welghln.,  and  cuntainer-to-c«iitainer  transfer  should  be 
performed  under  a  vented  weighing  hotul  so  that  chemical  dust  is  re- 
moved before  It  can  fall  aa  .  lothing  or  bv  Inhaled.    Keep  the  ar^ 
clean,  wear  gloves  and  goggles,  and  change  clothing  frequently. 
Clothing  cufts  catch  chemical  dust  and  are  the  most  frequent  cause 
of  difficulty. 

IN  CASE  OF  CHBIICAL  CONTACT.    Even  If  one  is  not  directly  in- 
volved with  mixing  up  large  quantltlejj  of  color  p^cesslng  cheaicals, 
there  is  atUl  a  good  chanct-  of  contact  with  them.    For  exaoiple,  when 
phyplcally  checking  film  tension  by  touchlixg  the  film  during  pro- 
cessing, one  may  get  some  color  developer,  bleach,  or  stabiliser  on 
the  hands. 

In  case  of  any  chemical  coming  in  contact  with  the  skin,  the 
most  effective  treatment  Is  lamed  la  1 1  ly  ti.  flush  the  area  with  large 
amounts  of  running  water  for  at  least  ten  minutes.    In  addition,  the 
affected  area  should  Iw  thoroughly  washed  with  a  neutral  soap  such  as 
pHlsoHex  (available  frtaa  Medical  Supply)  or  Neutrogena.    For  any  skin 
or  eye  burns,  medical  attenilon  should  be  iibtained  aa  soon  as  poasiblc. 
It  Is  furtlier  recommended  tliat  persons  who  %#ork  around  color  chemicals 
regularly  contact  the  Public  Health  Br aiM:li  of  tYm  Flight  &irgeon's 
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Office  so  that  their  invdlc«t  fiitordH  miiy  l«.   Hngged  "Occupatlcnal 
Health  Hazard."    This  will  insure  prtnnpi  "Maifal  treatment  In  case 
of  a  ra^lical  problem  arising. 

Seldom  will  normal  contact  with  any  uf  the  process  c«paients 
result  In  any  drastic  or  linaediately  disabling  Injury.     In  the 
majority  of  Instances,  no  effects  will       noted  If  sensible  precirutlons 
are  taken.    Many  choBlcals.  towever,  liavc  .  umuUtlve  effects.    That  in, 
it  may  build  up  in  the  system  day  sft.-r  dnv  and  Us  effects  appear 
gradually  and  unnoticed  until  it  becomes  surious.    This  is  particularly 
true  of  many  toxic  chemicals  which  art-  abs».rbed  into  the  bloodstream 
through  the  skin  resulting  in  the  same  effects  as  il  they  ^c^"® 
gested  or  Inhaled.     By  far  the  most  common  affliction  among  photo- 
graphic workers  is  a  skin  inf lamoat Urn  or  sensitivity  brought  about 
by  chemicals. 

DERMATITIS  AND  ITS  AVOIDANCE.    Color  .Jevelopers  arc  capecUlly 
active  skin  sensitizers  and  will  cau^f  d.-rmatitis  (skin  inflanation) 
for  practically  all  those  who  handle  them  carelessly.    The  foraalde- 
hyde  in  a  stabilizing  hath  and  the  potiisHlum  ferrlcyanide  in  a  bleach 
bath  are  also  chemicals  that  cause  drrmaiitis. 

It  is  not  known  how  much  chemical  contact  is  required  to  Produce 
skin  sensitivity.    The  amount  will  vary  with  different  people.  There- 
fore   avoid  all  contact  as  much  as  poMslbl.-.    When  coi.cact  is  made  with 
the  above  solutions,  wash  as  soon  a«  possible.    The  following  statements 
show  the  major  factors  leading  to  skin  Inf  laiwiation: 

o    Frequency  and  extent  of  skin  .-.^nt.u  t  are  the  most  important 
causes. 

o    Concentrated  forms  of  the  .  hnnicil  <or  simultaneous  contact 
with  a  number  of  chemicals)  may  hasten  thr  effects. 

o    Duration  of  t\w  contact  will  ttavo  |  pronounced  effect.  The 
sooner  the  chemical  Is  removed,  th.-  \^sr.  the  chance  of  developing 
dermatitis. 

o    A  past  history  ;of  dermatitis  or  .  {ir  mlral  .al lergy  should  make 
'  one  especially  c.iutiot^  of  uxposur*-. 

o    Previous  in^rles  to  the  skin  on  .iccclerate  the  Appearance 
of  dermatitis. 


Once  again,  t\l«  best  cure  fot  dermatitis  is  an  affective  pre- 
vention program,    iearn  to  recognize  the  symptoms,   tf  they  appear. 
It  is  especially  imbortant  to  watch  the  Sunds  and  wrists.     If  any 
Itching,  burning,  r^dm-ss.  or  swelUnH  occurs  around  the  fingernails 
or  between  the  flngp^s/  see  a  doctor  ^4  wnon  as  posslblr.    Do  not  con- 
tinue working  ami  doVnot  attt-rapt  tro.umcnl. 
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Chemical  Hiiiuilitig  Prer  out  ions 

niEHAROEMESl .    "^^le  hardener  aKent  HA-1  (Fart  A  In  the  prehardeier 
package)  and  succlnaldehyde  stock  solutions  are  hazardous  cheaicals. 
K^-L«  which  la  used  to  frnm  succlnaldehyde.  Is  toxic,  ^tcclnaldehyde 
solutions  are  Irritating  to  ihe  akin  and  eyes.    They  are  also  allergenic* 
It  is  laperatlve  to  prevent  contact  by  these  chemicals  with  the  skin  and 
eyen  and  to  avoid  prolonged  breathing  of  their  vapors.     In  the  evrat  of 
contact  with  skin  or^eyeSp  immediately  wash  the  solution  away  with  large 
' amounts  of  water. 

When  Ivindling  HA-I,  use  elchtr  an  exliaust  ho<Kl  or  some  respiratory 
proiectlun,  Huch  as  an  organlr  vapor  mask.    Always  use  protective  cloth*^ 
ingt  rubber  glovi's^^  and  safety  gugglt'S  In  the  chemical  mix  roan.  The 
mix  and  priu  esslnK  roims  In  which  the  chemicals  are  handle  must  always 
be  Widl  venillatt'd.     To  protect  ttte  mix  and  machine  operators  from  suc*^ 
cinaidehyde  vapm  s,  n-member  to  keep  the  prehardener  mix  tank  and  the 
preliardener  proc  fusing  tank  %  cjver<*d  with  iixhaust  hoods  at  all  times* 

NEUTRALIZER.    The  neutr.il  Izer  solution  contains  hydroxylamlne 
Hullate,  a  chemii  al  known  to  cause  skin  Irritation  and  sensitivity 
under  conditions  of  repeated  contact.    Contact  with  the  solution  and 
solid  chemicals  should  be  aviilded. 

FIRST  DEVELOl'ER.    The  first  developer  solution  contains  developing 
agents  hydroqulnone  and  phenidone  which  may  cause  skin  reactions  in 
seme  sensitive  individuals. 

STOP  BATH.    This  solution  contains  acetic  acid.    Avoid  contact 
with  skint  eyes,  and  clothing',. 

COLOR  DEVELOPER.    The  color  devL*lo{^r  solutions  contain  developing 
agent  CD-I  which  may  cause  skin  irritations  ami  chronic  saisitlvity  upon 
repeated  contact.    One  psrt  of  the  mix  contains  tert-butylamine  boranet 
a  reversal  agent  commonly  referred  to  as  Ki>dak*s  RA-1  or  T-lAB,  which 
is  a  very  toxic  rhemical*    All  contact  wltli  this  chemical  ^dirld  be 
avoided.    RA*-1,  uulld  or  In  solution,  should  not  be  mU/iimd  to|ccme 
into  contact  with  the  sklni  because  it  Is  readily  ab^>t*bed  tturdugh 
the  skin.     In  case  of  contai  t,  wash  the  area  ioaediately  with  large 
quantities  of  w«iter.    Avoid  breathing  the  dust  create  during  the 
chemical  mixing  process.    RA-l,  either  solid  or  in  jsolutlont  slowly 
releases  hydrogen  gas.    Therefore,  always  store  RA-l  m  {Polyethylene 
bottles,  never  in  closed-glass  containers.     (Polyethylene  is  porous 
to  hydrogen,  and  storing  this  agent  in  pol ethylene  bottles  prevents 
any  pressure  buildup.)    Al%^y8  store  RA-1  ami  its  solutiims  in  a  cool, 
dry  area  away  frc^  any  possible  contact  with  acidic  chemicals*  Other 
constituesits  of  the  solution,  notably  benzyl  alcohol  and  ethylenedlamlne 
sulfate^  can  cause  eye  damage  on  contact.     Irritation  of  the  respiratory 

*• 
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tract  wil!  In'  btmiKlu  on  l»y  i»ivuiva  .m..  .  i*-  u>  ihii. 
solution. 

BLEACH.    The  bleach  contains  potasshmt  ferrlcimnide  which  ■•y 
cause  d'enoatitls.    Follow  normal  safely  procedures  in  handlli^. 

m 

FlXHi.    The  normal  care  due  any  MoltH  ion  of  the  process 
should  be  exercised.    Do  not  permit  the  dilution  to^ contact  the 
eyes  or  skin,  and  flush  well  with  w^ter  should  contact  occur. 

•      STABILIZER.    The  stabilizer  contain?;  formaldehyde.  Maxlfflum 
care  must  be  taken  when  mixing  or  liamlllnK  this  solution.  Fonaal- 
dehvde  fumes  will  irritate  respiratory  irat'f«.  and  the  solution 
may"  damage  eyes  or  irritate  skin  if  U  c.mcs  in  contact  with  either. 

Mixing  ME-A  Solutions 

The  chemical  constituents  of  ihr  Mi:-6  Process  are  provided  in 
packaged  units.    All  10  solutions  p.ovldc^i  for  the  process  are  used 
as  mixed.    In  all  but  two.  the  workln>5  solutions  and  replenisher 
solutions  are  identical.    The  two  exceptions  are  the  first  dev- 
eloper and  color  developer  solutions  which  are  used  When.  Initially 
charging  the  processor  from  an  inactive  st  ite.     All  solutions  are 
provided  m  26.5  gallon  (lOOL)  sUes  excej-L  for  the  prehardener 
which  comes  In  a  fCL  size. 

GENERAL  MUING  PROCEDURES.    The  fo)  Lowing  procedures  should  be 
followed  vhen  mixing  chemistry  In  Rcner:il  . 

\      St.^rt  with  water  at  the  r  IrIu  i  i-mperature  and  In  the  right 
quantity.     The  manufacturer  has  carefully  determined  the  Mount  of 
water  necessary  to  dissolve  the  Ingrrd LnL ^;  water  too  cold  will  not 
dissolve  all  chemicals  while  water  f.o  hot  may  destroy  some  charac- 
teristics of  many  of  the  constituents, 

2  Add  chemicals  in  the  order  ^perilled.     Some  Ingredients  are 
included  to  increase  solubility  ot  otkT  more  photographically  Im- 
portant chemicals.    Added  out  of  sequenre.  the  latter  may  not  rtls- 
solv»^  ccrnpletely. 

3  Allow  the  recommended  time  hctwe.-n  additions.    This  can  be 
particularly  important.     In  some  .a^.s,  ch^lcals  In  the  ^J^^-J^" 
formed  by  reaction  during  the  mixing  pre.  .ss.    Chemicals  added  later 
in  the  mix  stop  the  reaction  after  the  proper  amount  of  desired  pro- 
duct has  been  formed.    Allowing  Insuificlont  or  overabundant  time 
can  cause  too  little  or  too  much  of  such  ».t  ingredient  to  be  formed. 

A      It  Is  Just  OS  Important  not  tM  ovarmlx  a  solution  as  It  Is 
not  to  undermlx  It.    Time  the  mixing  crcfully  as  the  manufacturer 
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directs* 


viva  fully  .s  tht.  can  *"*fL 'J^^JlJ^^ %,Ss  with  faulty 

.plashing  and  reooved  tron  the  center  enough  to  Blnlal«e  o«i<Uiti 

ME-4  MUCINC  INSTRUCTIONS.     When  n,UlnR  "f**  '""^""^J; 

the  manufacturer's  «Ulng  ^«™"^'>"'X^^*»f  etan^Sh."»« 
ever,  alnce  mixing  Instroctiona  are  subject  to  """TTf^^ 

change,  m  formulation  or  paclcaglng  ""'..""^'h^^i.uiar 
instructions  In  the  chemical  mix  room.    «^«'^""V;,^"„'"u  is 

z:^^^  raiser  t:e^L"SntJ%rri"^r:i^i^:n  a« 

a  partial  mix  cannot  be  prepared. 
Certification  of  Klxed  SoluLlona 

The  procedure,  used  In  certifying  processing  solutions  P^J' 
^rilMeairn^  to  detect  mixing  .rrors. 

relii'r^nt*errora,  etc.  ^-^^-^.^^I.^'^xit^'f^^ 
^galnat  auch  defects  Is  5°/^^*°*  "  .    required  d^ree  of  precision. 

check  lists  are  considered  essential  to  quality  assurance. 

Csrtlf  icaiion  tests  consisting  of  specific  gravity  and  PH. 

perfo^::"Ifrei  a  solution  ^^^^^^-^^^-thrriuei  TZ^ls 
«n*.rif tad  teopera tur« .    tht  solution  is  tnen  rwj.»Bo 

:«rific.tion' tests.  » ';;„f„rirri-f Sth^ h'^4 cT 

procedures  bs  conducted  st  the  saoe  point  In  tl«e  wxtn  eac 
in  order  that  results  will  be  consist  ant. 

QUESTIONS 

no  ta>T  Wm       T^^^       -  "^'^  ^  SEB^tUTE  SHEET  Of  PAPER. 

1     What  «ajor  step  is  included  in  rolor  reversel  processing 
chat  Is  not  In  thv  color  neRStlve  process? 
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2.  Whnt  ore  the  baslr  Molutlon  f*tep  •  ot  proccHs  HE-4,  exeludini 
the  washing  Htcps? 

3.  What  is  the  prlaary  difference  between  the  ME-4  procei* 
and  the  EA-5  process? 

4.  What  film  is  processed  in  EA-5  chtwlstry? 

5.  What  are  two  improvements  of  the  V.-h  process  over  the  E-4 
process? 

6.  Which  solutions  of  the  ME-4  procpss  can  easily  cause 
a  density  change? 

7.  Which  four  processing  solutions  have  acidic  pH's? 

8.  What  principal  chemical  control  Is  used  In  the  color 
developer? 

9.  Which  exhausted  ME-4  solution  causes  a  pink  stain  to  form 
In  the  f lira's  highlights? 

10.  What  Is  the  principal  function  of  the  color  developer? 

t 

11.  Wliy  is  It  necessary  to  be  very  careful  In  controlling 
the  pH  of  the  bleach? 

12.  All  contact  should  be  avoided  with  which  chemical  In  the 
color  developer? 

13.  Why  should  the  color  developer's  reversal  agent,  RA-1,  be 
stored  In  a  special  type  bottle? 

14.  What  Is  the  best  Insurance  against  problems  caused  by 
handling  chemicals  in  a  lubtiratory? 

13.    How  can  chenlcal  contact  be  ivoldud? 

16.  What  Is  the  mo«t  effective  ircatriiSit  for  tkln  contact 
with  chemicals? 

17.  What  protection  can  be  taken  Unm  toxic  vapors  whan  aljclf^ 
prehardener ? 

18.  Why  Is  ME-^  stabilizer  hazaidous  lo  huoan  health? 

19.  The  ME-4  working  solutions  .iiwJ  r«  plenlsher  solutions  are 
all  identical  except  for  whi-  h  tw..? 
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BERCISE  I 

FRUEXNmES 

Lilt  on  •  aepftK«te  •heet  of  paper,  the  aajor  processing  steps 
that  arc  ra^irad  to  procaaa  tha  CoXlowing  ty^a  of  flla: 

1.  Color  nagaclva 

2.  Color  ram  fa  I 


SC91CISE  It 

FROCDURES 

1.  Llatad  balow  ara  aone  ME-4  procaMsUig  eaaponants.    On  a 
aaparata  ahaat  of  paper  llat  the  conponants  In  proper  aequence. 

a.  Bleach  e.  Pltatt  wah  1.  Color  developer 

b.  Final  wash  f.  Prehardaner  j.  Second  wash 

c.  StabilUec  g.  Second  awp  k.  Flrat  atop 

d.  flret  davalQpar  h.  HauKaU^at  1.  Fixer 

2.  The  purposes  of  various  ME- 4  conponsnts  are  listed  balow. 
EKplain  the  purpoae  of  each  coaponent  by  matching  with  the  proceealng 
atapa  in  Proeedsire  I.    Uee  a  separetc  sheet  of  paper. 

a.  Keeps  the  first  stop  from  contMsinatlOi  the  color  developer. 

b.  Rfliovaa  aaidiaed  cclor  developer  fm  (be  film. 

c.  Reduces  eaulsion  swelling  to  prevent  physlcsl  datsage. 

d»    Prehiblte  aacoad  stop  fro»  being  carried  over  into  the  bleach. 

e.  la  retired  for  good  dja  atibility. 
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f.  l»rtxluci'«»  a  blm  k-ttiul-whltf  »«.  K*«t  tmiigc«. 

g.  Rcnovett  the  yellow  filter  layi-t. 

h.  Halt*  the  ection  of  the  first  devflopef. 

1.  Forma  harolesa  coopleKea  with  any  ■Wehydes  carried  over 
from  the  prehardener. 

J.  Produces, a  poaitive  ailver-pLus-dye  image. 

k.  RoBOves  reaidual  fixer  from  the  film. 

1.  Removes  silver  aalts  from  the  film. 


EXERCISE  III 


EQUIPMENT  AND  SUPPLIES 


Prepackaged  ME-4  chemistry 

Hydrooixer 

Safety  apparel 

pH  meter 

Hydrometer  set 


PROCEDURES 


Baaia  of  laaue 

Aa  needed 
2/clB8a 
Aa  needed 
1/cIaaa 
l/claaa 


1.  Ensure  nlxer  cleanliness. 

2.  Wear  safety  apparel. 

3.  Following  the  manufacturer's  Instructions,  mix  chemLBtry 
as  deemed  necessary  by  the  instructor.    Observe  all  aafety 
precautions. 

4.  Certify  mixed  solutions  and  transfer  thfsi  to  the  appropriate 
storage  tanks. 


5.    Clean  the  mixers  and  the  chemical  mix  room. 
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PROCESSOR  OPERAtlOH 
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OBJECTIVES 

Xdftntlfy  the  functlonB  of  motion  picture  procesi^rs, 

IdtncUy  and  locate  the  BBiJor  caaponeots/  syttw,  and  control, 
of  ch«  Coloneater  Nark  II  processor.  /  j 

Uelns  a  Colot«aater  Mark  U  procesaor  *'??"Ji!*.Hl^^' 
Ut»t.  etartwp.  certify,  and  shutdown  the  prbces^r  UW  the  check 

llBt.  i  j 

Make  up  prevlou:4iy  exposed  motion  picture  flta  and  procees 
on  the  Colormsster  processor.    Plln  must  W  Iree  of  proceealng 
defects.  / 

IHTRCPUCTIOII       ^  / 

Uien  viewing  a  motion  picture  on  tJW  screeft,  one  sees 
thous«nda  of  separate  positive  l»agc.*/>elng  projected  In  rapid 

Lcemslon.  I«a»lne  how  It  «>uld  lo^lf  ^S]-"  ^^'jl^**!"!:!. 
to  have  equal  quality  throughout  tts^entlre  ^•^^•J 
of  motion  picture  production  depend*  on  the 

processing  of  the  film  shot  by  the  » ^ler.usao.    Thle  Is  «*yj«^; 
S^^IunJ^to  learn  as  much  as  Possible  .hout  thmj|y.t«  a«d^ 
nlQuea  of  motion  picture  pruceeelng.    Thi.  folloi*lng  lesso©  U  de- 
sltnmd  to  preeent  a  firm  knowledge  of  motion  picture  procmssiflg. 

/ 

INFOKN^TION  ^ 

NOTION  PICTURb,  FROCESSCAS 

Black-end -Uhlte  Proceseors 

For  the  most  part,  th^  processing  machines  that  process  bUck- 
snd-ifhUe  motion  picture  ^tlms  are  Himllar  to  those  used  for  bUck- 
«nd-«4ilte  aerial  films,    the  major  differmce  le  the  Mnner  in  i*lch 
the  f  iLs  U  transported  ;through  the  machine,    to  the  "f™!* 
that  hawe  been  usod  throughout  this  cour^u.  f^^J** 
the  fll»,  fed  into  the  proceasorp  and  retrieve  at  the  otW  eod  of 
the  machine.    In  the  potion  picture  preccHsors,  however,  J» 
quite  so  simple.    Thi*i*e  machines  use  s  l^ip  method  of  "•"•P^'^ 
That  is,  ths  film  travels  in  loops  throusH  the  solutions,  and  these 


/ 

/ 


loopa  «ro  BUmfm  threaded  vlth  either  film  or  ft  lender  mock  <v«ry 
thick,  nonreftccive  filia  iMterlftl.)    To  pmcesft  fili»«  the  Mpoeed 
raustock  is  spliced  to  the  end  of  litis  Usider  end  pulled  tlvough 
the  mschlne.    As  the  end  of  the  film  is  about  to  enter  the  first 
tankt  more  leader  is  attached  to  keep  all  of  the  loc^s  on  the 
racks  properly  threaded. 

The  nutsAier  ami  irrangement  of  t*inks  in  the  proceselng  oiachine 
depends  upon  the  specific  model  of  processor  and  the  purpoae  for 
which  it  is  designed.    For  example.  In  a  machine  intended  for 
original  negative  processing,  the  tanks  are  usually  arranged  to 
provide  a  developing  solution,  stop  bath  solutions,  fixing  bath 
solution,  washing  section,  and  a  drying  rtiaaber.    On  the  other 
hand,  a  machine  designed  specifically  for  processing  black'*-and*- 
white  reversal  film  consists  of  tankn  for  development,  stop  bath, 
bleach,  clearing  bath,  second  developer,  stop  bath,  fixing  bath, 
wash,  and  a  drying  chamber.     In  addition  to  this,  many  styles 
of  processing  machii^s  are  designed  mo  th^t  their  tanks  can  be 
rearranged,  by  changing  ooluticms,  to  permit  the  machine  to  be 
used  for  processing  both  negative  and  positive  material.  Some 
machines  use  a  series  of  bypass  rolli*rB  to  carry  the  film  over 
a  tank  when  the  solution  in  that  tank  Js  not  part  of  the  specific 
process.    This  makes  it  unnecessary  to  dump  one  set  of  solutl<ms 
and  recharge  with  another  set  whenever  changing  frcm  processing 
one  tyf«  of  material  to  another.    But  regardless  of  the  tank 
arrangement  of^  the  processor,  its  function  is  to  transport  the 
film  through  the  solutions  so  that  0\e  photographic  developing 
process  can  take  place. 

In  any  processing  system,  one  must  consider  the  processing 
time,  the  tensperature,  and  the  rate  of  agitation  of  the  processing 
soluticms*    In  addition  to  these  variables,  one  must  control  the 
recirculation  of  the  solutions,  repl«*nlshment,  filtration,  carry- 
over of  solutions  from  one  tank  to  nuorher,  and  also  film  drying. 

MACHINE  SPEED.    The  time  that  the  solutions  are  allowmd  to 
act  on  the  film  Is  determined  by  the  speed  at  which  the  machlAe 
moves  the  sensltUed  material  and  by  the  length  of  film  contained 
in  the  developing  tank.     In  most  nyictilnes.  the  travel  speed  of  the 
film  is  given  by  an  Indicator  which  shown  the  length  of  film  pass"* 
ing  through  the  machine  per  minute.    Tims,  t)%  length  per  minute 
of  travel  and  the  specific  film  length  In  a  given  section  of  the 
machine  determine  the  development  time,  fixation  time,  washing 
time,  and  drying  time.    If  the  speed  ccmtrol  knob  is  set  to  10* 
feet  per  minute  (fpm),  a  certain  i>oJtit  on  the  material  beii^ 
processed  will  take  J  minutes  to  go  frcmi  where  it  enters  the 
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d«v«los»t«g  Unk  to  where  it  lenvea  the  developln*  tank  if  the  tank 
^riato.^0  feet  of  film.    Th»..  ther.  is  a  correlation  between  the 
rate  of  travel,  the  tank  capacity.         the  developing  tiae.  The 
problea  can  be  stated  another  way.    If  the  tank  contalna  30  feet 
of  ftl«,  the  developing  tlae  at  10  (\m  it»  3  minutes . 

Developing  Time        Length  of  f  Uro  i»  dev.  tank —  

Machine  Speed 

TEHPERATURE.    One  of  the  moat  critical  elements  in  the  control 
of  the  photographic  process  is  temperature.-    The  speed  of  cheaical 
reaction  increases  as  the  temperature  of  a  solution  is  raised  and 
decreases  as  the  temperature  is  lowered.    In  machine  processing, 
the  temperature  may  vary,  depending  on  the  machine  and  the  kind  of 
proceaaing  being  done.    High-speed  proceti^iing  machines  operate  at 
quite  high  teaperatureM.     hx  any  evt-ut,  temperature  control  Is 
critical  and  must  be  maintained  to  close  tolerances  to  produce 
correctly  developed  results. 

ACmTION.    If  fllB  is  placed  In  the  solution  and  is  allowed 
to  remain  without  any  movement,  only  the  solution  that  has  soaked 
into  the  emulsion  is  doing  any  work.    As  development  progresses, 
this  solution  soon  becoaes  .-xhausted  and  ceases  to  work. 
sufficient  and  uneven  development  results.     If  either  the  film  or 
the  solution  is  agitated  (moved),  fresh  solution  Is  brought  Into 
use.  and  development  continues  as  planned.    This  »»v««nt  of  the 
film  or  solution  is  called  agitation. 

Automatic  processing  machines  must  aRitate  the  film  and/or 
the  solution  in  some  way  during  processing.     In  some  cases  the 
simple  action  of  moving  the  material  through  the  solution  provldes_. 
the  only  agitation.    But  this  is  swnewhat  unsatisfactory,  since 
agitation  tends  to  increase  as  the  velocity  of  the  material  through 
the  solution  is  Increased.    For  critical  work,  the  mere  motion  of 
the  film  through  the  solution  does  not  provide  either  sufficient 
or  proper  agitation.    More  efficient  methods  have  been  adopted. 
Of  the  many  devices  utied  for  providing  accurate  and  controlled 
agitation  in  action  picture  processing,  the  following  are  most 
often  used: 

o    Gaseous  burst  agltation'-pruvldes  intermittent  bursts 
of  some  photographically  Inert  gas  (such  as  nitrogen)  which  is  re- 
leased from  the  bottom  of  the  tanks  and  rises  up  through  the  pro- 
cessing solution. 

o    Tank  turbulatlon  or  solution  recirculation— provides 
rapid  aoveaant  of  large  volumes  of  solution  through  the  tank. 
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o    Jft  or  Hpray  heads— of  t  »«n  in  .  d  inaldw  «>f  «  tank  tt» 
direct  a  stream  of  dweloper  or.to  tb.»  swUace  ot  the  efcui»lon. 
This  systcsa  does  not  ordinarily  ret*.  Ln  a  deep  well  df  ."fl"';^^'™ 
in  the  tank;  instead,  a  series  of  spray  h»'ada  directs  the  de- 
veloping solution  onto  the  film  whii  h  Is  moving, through  the 
tank. 

In  many  instances  various  combinations  of  the  preceding 
agitation  systems  are  used.    For  ex.unple.  one  coamonly  used 
processor  employs  both  recirculation  and  Huboerged  Jets. 

RECIRCULATION.    Motion  picture  processing  machines  utilize 
large  amounts  of  ^plutions.    One  of  the  purposes  of  a  recir- 
culation system^  to  provide  filtr^uion  of  the  chemical  Mix- 
tions.   This  is  done  ^y  installing  f iltern  Into  ^he  recirculation 
line  to  remove  dirt,  solidified  chetnlcaln  and  emulsions  bite  that 
have  stripped  off  of  the  film.  if 

Recirculation  aids  in  agitation  by  providing  a  constant  f 
flow  of  solution  (usually  in  the  developers)  f ^'""S^  ^"^^f^*  , 
tion  bars  on  the  bottom  of  the  proccssins  tanks.    The  ""t^o" 
this  solution  up  through  the  entire  tank  provides  adequate  agl 
tation  in  most  cases. 

REPLENISHMENT.    Motion  picture  processors  employ 
replenishment  systems  similar  to  aerial  P'"*'*^"*®"-  *^P^*"i;?f/ 
formulas  and  the  rate  at  which  reph  nish.  rs  are  added  to  a  solu- 
tion depend  on  the  type  of  machine  being  used;  the  type  and  sizr 
of  film  being  processed;  the  chemical  formula  of  the  original 
solution;  and,  to  some  extent,  the  t emper.iture. 

FILTRATION.    Any  motion  picture  pro*  cssor  employing  re- 
plenishment and  recirculation  systems  should  also  include  some 
type  of  solution  filtration  device.    Dirt  particles  can  enter 
the  system  during  film  entry,  solution  recirculation,  and  re- 
plenishment.   These  particles  must  be  continually  and  completely 
removed.     In  addition  to  dirt  partic  ics,  chemical  residue  or  even 
bits  of  processed  material  may  enter  the  system  and  ^CP^'^J^  ™" 
selves  on  the  surface  of  the  film  being  processed  unless  they  are 
filtered  out. 

SOLUTION  CARRYOVER.    UsuaUy.  .  hemi.  al  carryover  is  minimised 
by  the  use  of  mechanical  squeegees.    Air  squeegees  are  generally 
used  at  the  end  of  each  wash  operation  to  prevent  carryover  of 
contaminated  water  to  a  subsequent  wash  .inif  to  remove  surplus 
water  before  the  film  enters  the  drying  cabinet.    On  some 
machines,  air  squeegees  ma,  be  used  between  two  ^.anks  containing 
different  processing  solutions  If  the  air  impingement  (I.e.,  the 
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■qtittegvir  o|»«rtttl»»n  will  iu»l  «lt»?»'l  <  Hi*  i^Mlcitfm'V  oi  tin*  •oIm- 
tloni  thfouih  oKldatlnn. 

In  wott  systans,  the  air  squueg'  z  Ik  simply  a  narrow  slit 
through  which  a  large  volume  of  air  possts  undar  preaaure.  By 
forcing  air  ogalnac  the  aurfacc  of  the  filn  In  this  nanner,  moat 
of  the  liquid  being  carried  on  the  surface  Is  blown  back  Into  the 
Unk  fro'fit  which  it  came.    All  aqueegtics  must  operate  properly  If 
an  accurave  replenishment  rate  Is  to  be  maintained. 


Any  timfe  that  high-velocity  air  is  being  directed  against  a 
piece  of  film,  as  It  is  with  air  squcegeas,  make  sure  that  the 
conpreased  air  being  supplied  to  the  squeegee  does  not  contain 
any  duet,  moisture,  or  oil.    Therefore,  the  air  supply  «uet  be 
filtered.    A  filter  that  coit  reaove  oil  is  especially,  desirable 
if  the  air  compressor  la  oi I -lubricated.     (If  there  is  a  choice, 
use  air  compressors  that  do  not  require  oil  for  lubrlcatl<m.) 
Air  filters  provided  with  the  mathlni.'  should  be  cleaned  or  changed 
often  enough  to  insure  that  completely  clean,  dry  air  la  being 
delivered  to  the  air  squeegt-e. 

^ 

DRYING.    After  the  oattrlal  Is  developed,  fixed,  and  washed, 
it  continue*  on  through  the  machine  Into  the  drying  cabinet,  where 
the  sK>l8ture  is  removed.    It  emerges  from  the  cabinet  In  a  dry  con- 
dition and  la  spooled  onto  a  reel. 

Both  the  temperature  and  the  nlatlvc  humidity  of  the  air 
supplied  to  the  drying  cabinet  must  be  carefully  controlled  and 
adjusted  for  the  speed  at  which  the  machine  Is  operating.  Newer 
■otion  picture  processors  usually  have  an  Impingement -type  dryer 
using  high  air  velocities  directed  against  the  aurface  of  the 
film.    Air  iMpingosent  systems  require  precise  control  of  temperature 
and  humidity.    Under  Ideal  drying  conditions,  the  drying  cycle  should 
yield  film  having  a  moisture  content  in  equilibrium  with  air  at  about 
50  percent  reUtlve  huraidlry.    The  film  Is  in  equilibrium  when  It  has 
no  tendency  to  give  up  or  to  take  on  moisture  frew  the  air. 

Differances  Between  Black-and-Whlte  ind  Color  Procesaors 

For  the  mobt  pan,  bi.n  k-and-wh Ite  .uvi  color  motion  picture 
processing  machines  serve  lie  same  purposf.    They  take  previously 
exposed  film  and  by  puUln*?,  It  8cro.s.>*  a  scries  of  prethreaded 
rollers,  deliver  a  pt*rfectiy  developed  f  inal  product.  Either 
type  of  machine  can  be  designed  to  process  negative  or  reversal 
type  materUls.    The  major  difference  is  the  number  of  tanks, 
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tenpcratures  and  accupiablf  toleraiu  fH,  mtd  the  overall  extra  con- 
plexity  of  Che  color  machines.    Due  lo  tht-  corrosive  nature  of  «»e 
color  chemistry,  special  steel  alloys  an*  required  to  contain  these 
solutions.    Because  of  this  chemistry,  more  expensive,  nonreactlve 
staples  are  required  %<hen  splicing  the  rolls  of  film  together.  Thi* 
next  section  will  discuss  more  in  depth  what  specific  differences 
exist  when  dealing  with  color  processing  machines  that  use  JfE-A 
Color  chemistry. 

ME-^  Processing  Design  Considerations 

Process  ME-4  Is  very  precise.     The  nwchines  designed  for  it 
must  meet  very  high  and  rigid  standards. 

The  machine  used  for  Process  ME-A  should  have  a  sufficient 
number  of  tank  sections  and  raclw  for  all  of  the  solution  and 
washing  steps  required.    AJso,  t§e  sjieclfled  treatment  tiaes 
for  each  stage  of  the  process  should  be  posted.    The  processing 
times  shown  should  be  for  normal  operation  for  optiraiXB  quality. 
At  the  sacrifice  of  some  picture  quality,  forced  processing  may 
be  used  to  Increase  the  effective  film  speed.    This  involves 
increasing  tha  time  and/or  temperature  of  the  first  developer 
to  obtain  the  speed  increase  deslrcil.     T<^  provide  for  prolonged 
development,  extra  tanks  are  needed  for  ihe  first  developer. 

The  tanks  and  racks  for  all  solutions  except  the  bleach  should 
be  made  of  stainless  steel.    The  bleach  tanks  and  racks  should  be 
constructed  of  Hastelloy  (a  combination  of  titanium  and  Hastelloy) 
or  of  red  brass  to  prevent  corrosion  and  deterioration  of  the  metal. 
It  is  feasible,  of  course,  to  use  other  niHterlsls  for  general  con- 
struction if  suitable  linings  arc  m-nle  from  Inert  materials.  Fiber- 
glass, hard  rubber,  and  polyvinyl  t  hloride  linings  are  widely  used 
for  color  processing  machines. 

Hlack  iron  is  suitable  material  for  piping  the  first  developer 
and  color  developer,  and  copper  may  be  usorf^for  wash  water  lines; 
however,  use  stainless  steel  AISl  Type  31f>  for  the  prehardener, 
neutralizer,  ami  fixing  bath  lines.     Llm  ^^  for  the  bleach  aolution 
should  be  made  of  Hastelloy,  red  brass,  «'r  polyvinyl  chloride;  all 
of  these  resist  corrosion  from  thi?  f  err  it  yanlde  solution. 

An  exhaust  hood  is  needed  over  ihr  prehardener  tank  to  carry 
away  aldehyde  vapors.    The  hoiKi  should  have  an  exhaust  fen  with 
eufficient  capacity  to  remove  these  vapor h  effectively.    A  fan 
similar  to  one  used  in  a  home  kitchi-n  exhaust  unit  should  be 
adequate- 

The  processing  machine  requires  auxiliary  equipment,  such  as 
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htut  ttic£tutng«r»,  t.«it»vr«tttri»  itutiirui  afviftJH,  nolulioit  ftltem,  flw- 
metura,  ruclrcuiatlon  puiip»»,  vulwes.  utc.    To  prevent  ialutlott  c wry- 
over  which  sight  CAUHe  Mceaslve  chi'inlcoJ  dilution  or  contMiinatioiif 
fluitable  squeegees  are  installed  at  .specified  locations  on  the  nschine. 
An  oil>free  sir  supply  Co  operate  squeegets  and  dryers  is  alaiost  man- 
datory. 

In  the  wash  stepa  following  the  firHt  stop  bath,  second  stop 
bath,  and  fixing  bach,  the  countercurrent  flow  method  uaually 
produces  the  aost  efficient  washing.    VhlLe  a  conventional  drying 
cabinet  can  be  used,  an  Impingement  dryer  is  the  best  choice  where 
apace  ia  at  a  premium. 

To  Increase  the  effective  emulsion  speed,  (1)  exteml  the  first 
developer  time,  (2)  raise  the  temperature,  or  (3)  use  a  coabination 
of  both.    To  increase  the  effective  film  speed  one  camera  atop,  in- 
crease the  development  time  approximately  I  minute  or  IncrMse  the 
temperature  about  5.5""F  (3'C).    For  a  two-stop  speed  increase,  in- 
crease the  development  time  by  abcHit  2  minutes  or  alternatively 
increaae  the  time  by  1  ninuce  and  Increatic  the  temperature  by 
5.5'F  (3'C). 

To  compensate  for  overexposure,  redui  e  the  effective  film 
speed  by  shortening  the  development  time  or  reduce  the  temperature, 
or  both.    All  corrections  slKiuld  be  based  on  the  results  of  pre- 
liminary sensitooetric  tests  obtained  from  a  developn»it  time-  • 
and -tamper a tu re  series. 

COLORMASTSl  NAHK  II  PROCESSOR 

The  Colormaster  Mark  U  Processor  (darkroom  loading)  is  the 
proceaaor  utilized  in  this  course. 

General  Description 

The  Colormaster  Mark  11  Processor  is  a  standard  processor 
designed  for  rapid  continuous  processing  of  Item  reversal  color 
film.    Normal  operating  speed  is  57.5  f ei  (  per  minute  (17.4npm). 
This    processing  speed  meets  the  f  1  im  manufacturer ' a  tolerances 
for  Imaieraion  times  in  all  solutlonn,  but  can  be  adjusted  over 
a  wide  range  from  approximately  lOfpm  to  iOOfpm  (3  to  30.Smpm) 
to  msec  special  re<iuirements.    When  individual  tanks  permit 
more  than  the  required  immersion  timus,  ilie  elevators  can  be 
operated  In  a  partially  raised  position  ti>  reduce  the  lamiersed 
foocaga  (and  therefore  Che  procesiirt^;  time)  to  the  required 
value. 

; 

SW  G3AJR23330  OOl-VI-3 

/  7 


7a 

The  t,(!«periitur<$  cootral  ByHtm  f  or  the  lloldcnuster  Hark.  XS 
Proceisor  tw»  electrical  laaertilon  lwnt«Tf<  tnidet  etecs^rcKtie  control 
to  maintain  each  tolutlon  within  thi-  required  value.    The  tanks  are 
buUt  essentially  of  stainless  steel.    Metals  that  cone  in  contact 
with  the  bleach  solution  arc  Haatelluy  or  titanium. 

Detailed  Description 

The  processor  consists  of  four  major  sec tlons-**load  scctloiit 
wet  section,  dryer  section  and  taketip  scrtion.    Refer  to  Tables 
1  and  2  and  Figures  3^-1  and  3-^2  while  rt^-idlng  the  following 
descrij^tions . 

WET  SECTION.    The  wet  section  i  onslsts  of  12  tanks  selected 
to  meet  the  requirements  and  mounted  on  «i  comroon  base  frame.  (See 
Figures  3^1  and  3*2.)    The  first  five  tanks  are  located  in  the 
darkrooTOt  due  to  the  reaction  of  J  IkHi  on  the  film.    The  remaining 
stt^ps  aie  coi^ucted  under  normal  room  lUlit. 

Fim  DRYER.    The  film  dryer  Is       Impingement  type,  in  which 
heated  and  filtered  air  Is  directed  cisaln?it  the  emulsion  surface 
of  the  film  from  perforated  plenums.     (Si*e  Figure  3-2.) 


Table 

1.    Culormaster  Mark 

II  Configurations 

Figure  3-1 
References 

Section 

Functions 

1 

LOAD  SECTION 

Darkrodm  area^  where- film  is 
loaded  on  pro|tessor 

2 

START  and  STOP 
switch 

Eltni^rgency  START  and  STOP  switch 
for  darkfoom  operator 

3 

FEED  FLANGES,  two 

Ltn  Mitlnn  of  leader  and/or  un- 
processed film  prior  to  machineentry 

LOAD  ACCUMULA- 
TOR 

A  dry  tank  that  supplies  film  to 
processor  during  running  splice 

5 

MICRO  SWITCH 
BRAKE 

Activates  VUH  BRAKE  holding  f  il» 
during  running  splice 

6 

FREHARDENER 
EXHAUST  HOOD 

Rejftove*^  fumes  from  the  prehardener 

7 

WET  SECTION 
darkroom  ares 

Consists  of  3  tanks.  Pre  hard  csnert 
neutralizer,  first  developer,  first 
Htnp  and  first  wash 
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WET  SECTION, 
light  arM 


REaENISHHENT 
FLOURATE  METmS 


DRYER  BOX 

ACCUMULAT(» 
RACK 

TAKEUP  SECTION 


FUNGE  TAKEUP 
•wicch 

FlUt  BRAKE 
FIUI  TRANSPGRT 


Ftaccloii 

Seven  wt  t«nk«,  color  d«v«lisper 
Mcood  stop  bftCh,  ••cood  wsh, 
bleach,  fix,  f ImI  ««^» 
■tabUUtr 

RjBguUtsa  the  flow  of  the  re-  ' 
plcnletaMnt  solutloii  to  the 
chemical  aolution  tanka 

Driea  film 

Receive  a  filn  during  Ukaup 
aection  change  over* 

Winda  proceaaod  £il»  onto 
flangea 

Operatea  upper  tr  lower  TAKHIP 

FLANGE 

Holda  film  during  takaup  aoction 
change  over 

TRANSPCmTP  who  fiUi  through  the 
aachioe 


FUK  nUMSPOPT  SYSTBt.    The  main  drive  motor  ie  a  variable  apaad 
<ilMct  curroBt  type  with  eolid-aute  electronic  apoed  control  and  a 
rili^Ji^nn  .    tlL  »in  chain  drive  turn,  the  top  ahMt.  of  tha 
jHToSi^r  U«ough  friction  clutche^  which  ^.•J^-JJ?}^; 
Uin  p^opar  t«i«ion  on  the  film.    T^^ree  (or  tw)  film  'jJi^* 
^r^tefVara  to  the  ahaf t  at  the  end  that  draw,  the  film  fro. 

the  PTMOdiiil  ta-k.    Tha  other  roller  a  on  the  t»p  ahaf  t  aiid  .11  the 
rSl«rn  X  l^  .haft  are  idlar  roUara  with         boariaga.  The 

fS;f  III.  foUar  on  th.  top  .haft  of  th.  •f  T^Jf^^J.^'toiL-t 
.•tarliv  roUtr,  which  .atebliahaa       apood  of  the  film  movmrnaat. 
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Figure  3-1.    Colormaster  Darkroom  Si  (  tlony 
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Figure  3-2.    d'lorm.ister  tlghtroon  Stcclons 
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Pltur«  3-3 1 

Contr  ol/ Znd  lea  t  or 

Fuaetioit 

1 

TCNPRAItmE  CONTROL 
unit  twltchM  and 
rccircuUtion  puap 
Indicator  a 

Thaae  mltchaa  art  uacd  for 
turning  tha  TBtPBATURE  CON- 
TROL unit  on.  (NOTE:    The  pre- 
hardancr,  flrat  4av«lopar,  and 
color  developer  awitchai  also 
operate  the  raeireulatlon  puapa.) 

HEAT  SWITCHES  aiul 
Indicator  lights 
tor  Clio  I  irBt  aevcx 
oper  and  color  devel- 
oper 

These  HEATER  SWITCHES  autOMC- 
ically  cone  on  whan  the  toapera- 
ture  control  swltchca  are  turned 
iui.    HIGH  la  uaad  for  dacreaaing 
the  warmup  tlaa  whan  the  machine 
lias  been  shutdown.    LO  Is  for 
normal  proceaaiag  after  the 
cheaicala  have  coma  to  tempera- 
ture 

3 

iOnCILIARY 

One  switch  turna  on  the  air  com- 
pressor.   The  other  switch  oper- 
ates the  replenlalnsnt  pumps. 

4 

DRYER  CONIROLS 
f«fltchea  and  ther- 
Koatat  knob 

Blower  switch,  heater  switch, 
and  light  switch,  plua  a  thcr-  • 
moaut  knob  uaed  to  control 
temoerature  to  the  dry  box 

5 

TSMPERATWE  SET/ 
READ  OUT  DIAL, 

tor  STATION  IJ©ICA- 
TOR  and  solution 

Multi-Point  Indicator,  makes 
.iva  liable  a  TBIPIRATURE  READOUT 
Umntad lately,  alao  uaad  to  set 
the  soiution  at  thm  proper 
toopcrature 

6 

TRANSI^jivT/ acar  L  ano 
Stop  buttons/with 
Indicator  light 

A  START  and  STOP  bucton  to  start 
or  stop  film  transport 

7 

SPEED  INDICATOR  and 
SPEED  CONTROL  knob 

INDICATOR  shows  PPM  and  SPEQ) 
CONmOL  knob  is  used  for  in- 
creaaing  or  decreasing  PPM. 

8 

POOTAOE  Imlicator 

FOOmCE  indicator  counts  footage 
of  film  procassmd 
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All  Che  other  upper  shafts  ar«  driven  «t  a  vllghdy  hither  epecd 
causing  the  drive  clutches  to  nelntaln  ttmslon  on  the  film  by  the 
friction  of  the  clutch.    The  lower  shafts  are  oounted  on  elevators 
which  can  be  raised  with  lifter  rods  for  flla  threading  or  oper- 
ated In  a  partlcally  raised  jpbsltlon  to  reduce  iasersed  f  11b  footage. 

TQIPSIATURE  CONTROL.    Tenpersture  cimtrol  Is  acccnpllshed  Cor 
all  chenlcal  solutions  except  the  atablliter  by  using  electrlcel 
Isnerslon  heaters.    The  heaters  and  colls  are  aounted  in  the  solution 
tanks.    An  electronic  sensing  ami  control  system  actuates  the  heater 
circuits  (and  the  refrigerant  valves.  If  provided)  as  required  to 
maintain  the  soluticns  within  the  tcsnperature  tolerances  of  the  pro- 
cess,   Tte  temperature  sensing  probes  arc  located  in  the  recirculation 
llTOs  for  solutions  having  pumps,  and  In  the  tanks  for  the  remaining 
solutions . 

Ussh  water  Is  temperature  controlled  with  a  thermostatic  mixing 
valve  that  blends  hot  and  cold  water  In  tne  required  proportions  to 
produce  the  preset  temperature. 

FILTERING  AND  AGITATION.    Recirculation  pumps  are  provided  for 
the  prehardener,  the  first  developer,  and  color  developer.    The  re- 
maining processing  solutions  are  agitated  with  sir  bursts.    A  part 
of  the  solution  being  recirculated  by  the  pump  is  passed  through  a 
replaceable  cartridge  filter  to  remove  suspended  matter.    In  the 
first  developer  and  color  developer  tanks,  the  solutions  are  re- 
turned through  turbulatlon  bars  to  insure  a  high  rate  of  agitation 
near  the  emulsion  surface. 

OPERATING  CONTROLS  AND  INDICATORS.    Ml  operating  controls  are 

grouped  on  the  takeup  section  In  thi  rmostntlcally  controlled  sequence. 
Refer  to  Table  3  and  figure  3-3. 

OPHIATING  INSTRUCTIONS 

This  section  contains  the  operating  Instructions  Including  the 
preliminary  adjustments  and  control  settings  for  the  COUBKASTA 
MARK  II  processor. 

Preoperational  Procedures 

After  the  processor  has-been  Installed,  connected  to  utilities, 
and  checked  out,  the  following  preliminary  procedures  should  be  per- 
formed.   Repeat  after  each  relocation,  major  oaintenatKe,  or  extended 
period  of  shutdown. 

The  processor  Is  normally  left  threaded  with  film  lei^er.    If  the 
leader  has  been  removed,  load  a  flange  with  leader  and  rethread  the 
processor. 
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Figure  J-3.    i:oi4jrma.stt;r  Control  Panel 


NOTE:     The  prcxeysor  Hliouitl  l>e  threaded  with  leader  at 
all  claies  when  not  prot  t-ssi ng  so  that  flliB  to  be 
proctjaaed  need  only  bu  stapled  to  leader  and  pro- 
cessing c.in  bt'Kln  Itmit'cil.i tely .    LefiKier  should  be 
•  tapled  x.<i  the  end  of  the  film  in  the  processor 
so  that  the  processor  is  always  ready  to  accept 
new  film. 

FILM  LQADINti  PRUCfcDUHES.    Tlu*  tollowlng  procedures  apply 
to  the  loading  of  light -senei l tv«'  innicrLils  under  darkrooo 
conditions.    Thf  procidures  tor  luadtng  machine  leader  are  the 
aame.  exicfpt  for  the  itarkroon  requirements. 


In  cite  darkrouni.  the  film  It  pl.iroH  on  the  l<*ft  rovlnd:  mulalon 
down,  attached  tu  a  core  on  the  rl^'Jit  f»*wlnd*  coultiion  down,  and  vound 
acrosa  left  to  rlRht.    Then  the  cort.'  of  i  LlA  la  placed  un  £  proceattor 
flange. 

TKREADXNC  THE  PRQCESSCXi.    The  fi»chi)ii;  may  he  threaded  «#lth  the 
tanks  either  Cull  or  empty  <%Mter  or  chemical  aolutlon).    Only  clean 
feader  without  bulky  splices  chat  roiRht  i-auae  binding  or  danagc  tn 
the  rollers  should  be  used.    The  threading  procedures  arc  aa  follown: 

1.  Install  a  roll  of  machine  leader  on  the  load  flange. 

2.  Raise  all  lank  elevators  with  lifter  roda  to  the  top  position 
and  secure  with  spring  clips. 

3.  Start  .It  load  flange  and  thread  leader  through  mlcro-brflikc 
switch. 

4.  Thread  leader  over  accumul.itor  rack  guide  roller,  over 
top  shaft  roller  c»f  accutnulator  tank,  ami  under  first  elevator 
roller.    Hold  elevator  near  top  until  al  I  rollers  are  threaded. 

3.    Allow  elevator  to  descend  while  holding  leading  end  of  leader. 

6.  Proceed  threading  top  shafts  and  elevators  and  release  lifter 
rods,  allowing  elevators  to  descend  ind  -u-cumulate  a  full  hank  of  fUa. 

7.  Start  and  stop  drive  as  rcqulre«!. 

8.  While  threading  leader,  i-ns'irc  loader  la  placed  between  all 

squeegees . 

9.  Proceed  In  same  manner  until  tU  elevators  ore  threaded. 
(A  nufaber  of  starts  and  stops  wllJ  l«e  ne«  i-ssary  until  experience 
In  threading  is  acquired.) 

INSTALUTION  OF  FILM  OR  LEADER  AM)  Si'LICINC.  To  Install  a  mil 
of  film  or  leader  and  to  splice  It  \o  lh»  lender  already  In  the  pro- 
cessor, follow  the  steps  listed  below. 

1.  Place  the  roll  of  f Ilia  in  position  on  the  loading  flange. 
Slip  the  leading  end  of  film  onto  film  tr^ick  and  under  flla  hold 
down  and  bring  to  the  protruding  pin.    Do  the  same  with  the  trailing 
end  of  the  machine  leader  In  the  ma«:iiJne. 

2.  Pull  mylar  tape  across;  press  tape  to  fllw;  cut  the  tape 

and  pull  Ll>e  tape  and  flira  from  nplh  tr.     Seal  tape  on  all  edges 
and  put  oni!  staple  on  splice  overlap  are.i. 
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3.    U«d  film  In  th«  wlcfo-awU.  h  o!  fUro  brake,  pull  the  fllo 
to  r«leaiie  the  brake  ond  let  accumul.«iur  rack  lower  elowly  until 
rac^i  is  at  the  botton  a£  tank. 

FILLING  THK  WASH  TANKS.    If  titf  waali  water  has  b«ien  drained, 
the  procedures  (or  filling  the  tank»  la  follousj 

NOTE:    All  dralna  and  reU  capped  valves  should  be  closed. 

1.  Open  and  adjust  water  sourtc  valves  so  that  the  tcaperattire- 
stablllzed  water  level  In  the  wash  tanks  reaalns  constant  at  the 
level  of  the  overflow  opening  In  the  overflow  pipe, 

2.  When  the  tanks  are  filled  to  overflow  level,  adjust  the 
ahutoff  valve  for  destred  flow  rate. 

FILLING  CKfiUCAL  SOLUTION  TANK.    If  It  is  necessary  to  fill 
the  chemical  solution  tanks,  proceed  as  followsj 

NOTE:    All  tank  drains  should  be  closed  (red  valves  closed.) 

The  chemical  Bolution  tanks  may  be  i  liled  by  pouring  source 
pumping  or  gravity  feeding  the  mixed  or  teopered  solutions  into 
their  respective  protessing  and  replenlsher  tanks.    The  solution 
levels  in  the  processing  tanks  will  be  kt-pt  up  to  overflow  level. 
ReplcnisNsent  chemicals  should  bt>  as  close  to  the  required  process- 
ing temperature  as  possiblt*. 

STABILIZING  CHBItCAL  SOLUTION  T&IPEKATURES .    The  processing 
solutions  should  be  nvilntalned  at  the  temperatures  recommended 
by  the  film  manufacturer.    Before  processing  film,  the  solution 
temperature  should  be  checked  at  th»'  therrioraeter  on  the  control 
panel. 

Startup 

1.  Before  operating  thf  prtKf:,.sar ,  follow  the  checklist 
and  check  the  lollowlng; 

a.  Processor  ts  threttUed  i(>rri"<  tly. 

b.  Solution  tank*  afe  filled  to  proper  levels. 

2.  Turn  on  T»irh»ATUKE  CONTROL  for  all  solutions  and  ensure 
thflr  operation. 

3.  Place  the  SOLUTION  HEATERS  for  J  irst  de^oper  and  color 
.-tdevaioper  on  the  HIGH  position.    Wtj^n  tin-  developers  reach  their 
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optTatlMg  tiapvrature,  pliictf  the  Soti'ilUN  MKATW  nwllolioi*  tn  llw  1.0 
position. 

4.  Turn  on  the  wash  water  and  adjust  for  de«lred  overflow 
rate  and  temperature. 

CAUTION:    EKcesslve  tmtcr  pressure  will  cause  wish  vwter 
to  splash  over  the  lank  p.irtitlon  waLlc.  When 
the  processor  Is  running  with  leader,  adjust 
water  valves  to  prevent  any  splashing. 

5.  Activate  the  AIR  COMPRESSOR  MOTOR  and  ensure  that  the  air 
squeegees  arc  operating. 

6.  Ensure  thai  drying  compartment  polishing  druniB  are  clenn 
and  then  turn  on  the  DRYER  switch. 

7.  Ensure  that  the  dryer  blowir,  hi.iter,  and  temperature 
controls  are  operating  properly.     If  the  dryer  does  not  reach 
the  proper  tanperaturu,  adjust  th.'  DRYW  TEMP  control  !aiob. 

8.  Ensure  that  the  solution  reph'nl shoent  equipment  is  on  and 
operating  properly. 

9.  Attach  a  roll  of  nvichinr  h.idcr  to  the  processor. 

10.     In  the  TAKEUP  SECTION,  I'usurf  that  th^  oachine  leader  Is 
attached  to  a  takeup  flange  and  tlin»   thr  flat^e  Is  activated. 

Operation 

1.  Depress  DRIVE  START  swlu  h. 

2.  Obaervf  prtHi-NSlng  nput-.J  on  SPKtt)  INDICATCR  and  adjust  to 
57.     f  pro  (17  .Arnpm) . 

3.  During  subsequent  proceHshig,  mnnitor  the  foliowir^: 

a.  Film  transport  speed. 

NOTE:     The  film  transport  spt-oci  shield  be  changed  and 
monltori\l  only  while  ili.-  ma<  hlne  drive  is  In 
operation. 

b.  Film  lixjp  tension  (elevator  position). 

c.  Solution  temperatures. 
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e.  Wash  awl  rinse  tanks  ovuTflow  tatet. 

f .  Squeegee  alf  preeaure  and  flow  rates. 

g.  Dryer  tonperature. 

h.  Takeup  tenalon. 

Certification  Proc«Jures  u 

U  should  be  recognized  that  among  the  various  facilities  in 
the  Air  Force  that  bo«^  differences  exist  as  jf^f ^ 

design,  machine  speed,  agitation  rates,  r circulation  and  re 
plenlahment  aysteo..  extent  of  carryover  from  one  solution  to  the 
^e^rS^sh  water  rates,  water  pHa.  etc.    ^^efore    «J  ^i^B^*^  «f 
of  r;coBmendatlons  can  be  given  whic  h  will 
of  these  faculties.    In  each  Instance.  ^  P^^^^^ 

testing  is  required  in  order  to  arrive  at  the  apeclfic  condi- 
tion necesaary  to  obtain  satisfactory  rcsulta. 

The  ultimate  goal  la  to  produce  color  products  whose  quality 
leveWll  satisfy  the  customer.    This  means  that  there  ^hould^e 
color  shift  m  the  finished  product.    Also  there  »houWj>e  an 
SSet^iate  contrast  and,  saturation;  there  should  be  de"ll  in  both 
Important  hl«hlights  and  ahadowa;  a.vd  the  aitreoe  highlights 
f^ZX  clSan  Sod  bright.    For  these  (and  ^th^I^ir^^^^i  Lttrlc 
customary  to  include  a  pictorUl  scene  along  with  the  aenaitoiDetric 
strip  when  establishing  standards. 

During  the  initial  testing  sta^e.  o.te  nw«  obtain  all  P«;^ti«ent 
data  relative  to  the  mechanical  and  chemical  conditions  of  ^he  process 

Tt::t  ^Z  the  desired  P'-"8-P»'^%^"^^''V  "t^^^ 
process  can  then  be  specified  as  can^pletely  as  possible  i^t^^se 
te^s.    Both  sensitometric  and  picture  tests  should  also  be  made 
thua  enabling  one  to  include  the  film  as  well  as  the  chemistry  of 
the  pr^eBS  in  the  complete  specification.    At  '^^^S^J' ,f 

the  ZteB.  has  been  stabilized,  it  should  be  possible  to  hold  the 
pr^«r?n  the  proper  control  with  the  use  of  sensitometric  tests 
And  chemlcaj.  checks  such  as  pH  and  specific  gravity- 

ChangiS  in  time,  temperature,  agitnilon.  ^^"'P*'^^^^""/,  '^^^^ 
orocessiiS  solutions,  etc.  do  not  affect  each  layer  of  the  film  in 
eK^t"  th.  .«e  minner.    It  is  nev.r  safe. 

thTt  an  pff-itandard  condition  can  be  compensated  for  by  a  change 

r 
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in  some  other  condidon,.  and  that  eume  mudlficatlons  in  tht  proctas 
will  yield  satisfactory  retulta  for  .ill  t^ntuXalon  batchts  of  the 
same  film.    There  are  ^Ino  more  stcpM  in  procesaing  a  multilayer 
color  film  than  for  a  bUck-and -white  fil.n,  and  each  atep  wuat  be 
carried  qfst  to  a  greater  decree  of  precision  and  attention  to  detail 
than  what  is  normally  required  in  black-and-^lte  proceaelng. 

Once  the  conditions  have  been  established  which  ate  known  to 
produce  sa^sfactory  results,  there  Is  left  very  little  opportunity 
for  modification  of  the  process.    Adequate  control  equipment  and  pro- 
cedures are  an  absolute  requisite  if  consistently  high  quality  results 
are  to  be  expected. 

» 

the  control  of  the  color  process  requires  first  a  knowledge  of 
the  characteristics  of  the  product  and  process,  and  the  specif ic  con- 
ditions which  are  required  to  obtain  the  desired  results.    Also,  there 
must  be  a  means  for  continuous  evaluation  of  the  process  to  see  that 
the  status  of  the  process  remains  unchanged  and  to  insure  that  the 
characteristics  in  the  finished  produc^t  are  being  maintained.  If 
changes  do  occur,  then  a  means  for  diagnosing  the  difficulty  and  lo- 
cating the  cause  must  be  available.    Finally,  the  proper  corrective 
action  roust  be  taken  to  restore  the  process  to  its  original  condition. 

A  process  control  systearhas  three  escientlal  parts:  machanical, 
chemical,  and  sensitometric .    All  three  arc  important,  but  photo- 
graphic control  will  receive  the  grcitest  emphasis  here  because  It 
provides  the  best  index  to  the  quality  of  the  total  system. 

MECHANICAL  CONTROt.    Solution  times,  repUnisher  flow  rates, 
solution  tempei-atures,  and  recirculation  rates  should  be  checked 
periodically  and  proper  adjustments  should  be  made,  if  necessary. 

The  actual  readings  and  any  adjustment  should  be  recorded  on  the 
process,  control  chart  to  aid  in  the  Interpretation  of  any  process 
fluctuations.    This  control  chart  will  bi  described  in  the  section 
on  sensitometric  control. 

The  machine  speed  must  be  checked  daily  to  Insure  that  the 
film  spends  the  proper  time  in  each  solution.    This  check  should  , 
be  made  with  a  tachometer  on  one  of  the  drive  rollers,  or  as  sn 
alternative,  make  a  mark  on  a  piece  of  It-ader  and  measure  the  time 
in  each  solution  with  a  stop  watch.  ^ 

Replenisher  rates  must  be  regulated  to  keep  th^  activity  of 
the  various  solutions  at  the  correct  level.    The  settings  on  the 
flowmeters  for  replenishers  shoi^  bu  checked  every  Hour  as  a 
minimum.    Because  of  the  carryover  ircua  one  solution  to  another. 
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the  repUntaher  t^houid  be  turned  on       any  time  there  is  '^ajerlal 
pamim  Ehrou&h     given  aolutlon.    There  she^U  h«  ««e 
leader/ and  a  difterent  (higher)  setting  for  fll».    The  fl««et«r 
should  be  turned  on  when  the  last  mater inl  leaves  the  tank.^  A 
sure  way  of  losing  process  control  is  to  take  the    lazy  man  s 
way  out  and  turn  all  replenlaher  flowmeters  on  at  one  tlxne  and 
turn  them  all  off  simultaneously. 

Thfe  setting  on  the  flowmeter  shtmld  be  checked  once  a  month 
by  measuring  the  flow  by  means  of  a  gradiiated  cylinder  and  a  stop 
watch.    Disconnect  the  replenlsher  line  at  a  convenient  place  be- 
tween the  flowmeter  and  the  machine.    With  the  replenlsher  running 
and  the  flowuKter  set  at  the  recommended  value,  collect  the  solution 
in  the  graduated  cylinder.    Measure  the  volume  of  solution  collected 
In  30  or  60  seconds.    Coop^e  this  volume  with  the  recommended  volume 
If  the  correct  volume  does  not  agre«>  within  5X  of  this  recoqncnded 
volume,  run  a  second  check.     If  agreement  is  not  obtained,  clean 
the  flovroeter  aiid  then  recheck  the  rate.     If  the  correct  volume 
la,  not  delivered  in  the  specified  time,  then  recalibrate  the  flow- 
meter by  measuriiig  th»-  flow  ai  four  different  settings  above  the 
desired  flow.     Plot  the  vulumes  obtained  against  the  corresponding 
meter  settings.    Connect  the  points  with  the  best  fit  smooth  curve. 
Use  this  curve  to  determine  the  proper  flowmeter  setting  to  give 
the  desired  vplume  flow. 

Check  the  solution  temperatures  at  least  every  half  hour. 
The  thermometer!*  bulU  into  the  machine  are  adequate  to  determine 
if  any  major  drift  \uis  occurred.     In  addition,  the  temperature  of 
the  prehardener,  first  developer,  and  color  developer  should  be 
checked  with  a  high  i  Jliber  thermometer  before  each  batch  of  film 
is  run. 

Check  the  filtration  system  for  proper  operation.  Processing 
solutions  and  wash  waters  usually  contain  some  incoluble  material. 
If  this  material  is  not  removed ,  it  wUl  stick  to  the  film,  rollers, 
eu  .    Changs  tht?  pretiardener  filter  every  15  days  and  the  rest  of 
the  filters  monthly. 

The  processor  should  be  roechanUaliy  certified  prior  to  pro- 
cessing production  film.    This  cerr  if  Ic^ition  will  consist  of  a 
scratch  test  and  funi  tloi\al  cheeks. 

CHEMICAL  CONTROL.    Chemical  outrol  for  the  color  process 
depends  upon  proper  mixing  procedures  ai^.i  the  use  of  prepackaged 
chemicals.    The  pH  and  sp.  gr.  of  all  the  chemicals,  except  the 
stabilizer,  should  be  checked  daily. 
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Bei  iiiiNtt  suliitiuu  vwlunei*  lii  !»»••  i»i  .h  » tiiH»r  mtv  mil.  eUUn«ti» 
chemical  utiftlyslH  to  i«vttlu«te  each  moJmi  l.»n  *#ould  be  too  ti»«  i  on- 
wmlng  and  costly.    U  la  «ore  praclU  nl  «o  replace  any  solution 
suspected  of  contaainatlon  or  deter it>ratl«>n.    Hovfevcr,  If  proper 
attention  is  given  to  nixing  and  using  rt'plenl>»t»«»» 
avoiding  dirt  or  chemical  contanlnatlon,  the  working  solutions 
can  last  almost  indefinitely.    As  a  practical  natter,  the  working 
solutions  are  changed  whenever  a  major  cU-anup  of  the  proi  essnr  is 
performed.    Even  then,  the  color  devflop»r  and  blench  could  be 
transferred  to  a  holding  tank  to  be  reuf^c^l  after  cleaning  because 
of  their  high  water  pollution  properties. 

SENSITCHETRIC  CONTROL.    The  phntogr.iphic  quality  of  the  processed 
film  is  the  final  test  as  to  whether  or  »iot  a  photographic  ayataa  is 
operating  satisfactorily.    Therefore,  thr  best  means  of  quality  con- 
trol is  to  process  photographic  control  HCrips  in  advance  of  and  with 
the  original  filjn.    A  rapid  and  accurate  means  of  evaluating  the  pro- 
cess photographically  is  provided  by  thv  use  of  these  sensitooetric 
strips. 

In  using  sensitoroetry  lor  process  ct»ntrol,  there  arc  certain 
assumptions  which  must  be  made.     U  will  be  well  to  discuss  those 
briefly  before  proceeding  with  th.?  dctnlls  on  the  evaluating  of 
the  sensltometrlc  strips. 

It  roust  first  be  assumed  thnt   ill  s.nsitooctric  strips  have 
identical  exposure.     Since  most  Isb.-.  uuv  the  precxposed  control 
strips  provided  by  Eastman  Kodak,  this  assumption  Is  reasonably 
valid. 

It  is  further  assumed  that  the  film  Is  uniform  throughout  the 
length  of  a  roll.    This  is  a  valid  assumption  as  long  as  only  a 
single  cut  number  of  one  emulsion  number  oi  raw  stock  is  used  , 
for  making  strips.    When  the  supply  of  t  lie  particular  rut  and 
emulsion  number  of  film  used  for  snips  has  been  depleted  and 
a  new  one  must  be  used.  It  will  be  nccrf-sary  to  revise  the 
photographic  standards  to  allow  for  possible  differences  be- 
tween the  batches. 

The  assumption  that  the  film  1  »  «t«Ulc  with  time  Is  aowewhat 
dangerous.    Under  ordinary  condlti.nis  ol   temperature  and  hu«idity, 
film  is  not  precisely  constant,  and  ii»  ii^gcs,  many  of  its  charac- 
teristics chaise.    In  addition,  afier  It  htf»  been  exposed,  the 
latent  image  changes  with  time.    Fortnnntely,  such  changes  can 
be  greatly  minimiaied  by  storing  tbt-  film  in  taped  cans  at  teapcra- 
turea  of  0*F.  (-IS'C),  or  lower,  prior  to  processing. 
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'^lZn\Z:Z.^^^^^^  conlck  s.ip.  KotcHas 

"tweh  strips  indlcatt  where  to  cut  them  apart,        use  puU 
irmchei  (45.8c«)  and  cut  to  Insure  ^;;;J««^^,^nieo  in- 
.a„sltc«tric  strip.    Each  /^^^^'prJesa  cycles 

eludes  a  reference  strip  for  each  of  the  t%»  P^°^^  'tion 
rccooaended  for  each  of  the  films  in  the  data  sheet  section. 

Ihe  procedure  for  using  these  control  strips  is  given  below: 
X.    Store  at  0*  F.  (-18-C)  or  below; 

2.    Before  processing,  bring  strips  to 
opening  the  can.    Allow  a  olntoum  of  one  hour  for  this  purpose. 

3  Handle  the  control  strips  In  complete  darkness  when  the 
strips'are  outside  of  the  Ught  protective  container. 

4  Remove  only  a  sufficient  number  of  strips  for  «  J^v'" 
from  t^e  and  place  than  in  a  separate  container.    Return  bulk 
roll  to  the  freezer. 

3.    Run.  control  strip  along  with  the  s^rat^h  tes^^^^ 
along  with  a  run  of  film.-   «  the  run  is  to  exceed  an  hour, 
strip  at  one-hour  Intervals. 

*u^f  all  variables  are  com  rolled,    rigure  J  i**""*- 

that  ail  varj.aPAtso  oic  ».  .  bmi  si  tone  trie 

rvDical  checklist.    Mechanical,  chemical,  and 

typical  ,  K^fore  anv  film  is  processed  on  the 

conditions  must  be  Ideal  bet  ore  any  i         KJ^vnisr  must  be  coo- 

«achihe.    At  some  large  ^^^^^f  "^^^^ J^%f  f^f  J^iuy'arsurance 

pl.eed  by  both  ^  processor        a  f.^'^Lk  and  re- 

(quality  control)  section.    Tnis  proviot.  «  u  » 

aulti  In  Increased  productivity. 

CONTROL  CWRT  RffERE>:CE  READm:s.    Since  ^^'■J^f^^t^^^^'- 
„ost  orgsnUatlons  «U1  be  using  th.  ^"•■''^^•'"''.^"^'^/"rtheir 
StrlpsAh.  discussion  In  f u"i„riuiS  1^  "U 

orProcT..'c=%tri  r  1  "Zeis  -  ^T  tLIU'^^sT 
.He  red    green    and  :y1:  "-rfrd-r  tS«. 

:i:\«r«.  «  :r  o  .irrUrof  aensiue.  U  obcmed.  If  there 
J«  ;«eTtan  o»  box  of  rontrol  strip,  of  th.  »»e  code  number. 
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Figure  3-4.    Machine  Cectif  kation  Checklist 
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an  if  tttay  tiad  hu«tt  cuk»n  irtt^  aius  i«fer4«ce  only* 

theoretically,  all  correctly  prgcessrd  control  strips  should  be 
laentical  to  the  reference  atrip  and  should  plot  on  the  reference  (0) 
llnee.    R^all  froa  an  earlier  block  that  there  exists  certain  In- 
herent variability  In  any  process  which  lannot  be  ellalnated.  It 
should  be  noted*  though,  that  the  nearer  the  control  strips  plot 
to  each  reference  line,  and  the  somller  the  color  balance  spread, 
the  better  the  quality  of  the  process. 

When  a  control  strip  plots  outside  the  tolerance  limits  for 
either  density  or  color  baLmce,  or  when  a  series  of  control  strips 
plot  near  a  tolerance  limit  even  though  the  control  strips  are  within 
the  limit,  liamedlately  Investigation  should  be  taade  to  determine  the 
cause. 

1.  Examine  the  control  strip  for  physical  defects,  such  as 
fingerprints,  Scratches,  fog,  etc 

2.  Compart*  the  factory  code  number  of  the  Kodak  control  strip 
with  that  of  the  reference  scrip  used  to  determine  the  reference 
read ings . 

3.  Reread  the  control  strip  tc'  elijnlnate  measuring  error  as 
«  possible  cause  of  the  out -of -control  plot. 

4.  Process,  read,  and  plot  another  process  control  strip. 

a.  If  this  strip  plots  within  tolerance  limits,  the 
previous  control  strip  may  have  been  handled  Incorrectly  before  or 
during  processing.    Also  additive  cundltlons  may  have  been  the  cause 
of  the  out -of -control  plot.    When  t!»ls  is  the  case,  it  is  very  possi- 
ble that  the  process  is  drifting  tow.ird  an  out-^f -control  condition. 
Therefore,  it  Is  advisable  to  process  additional  strips  in  order  to 
confirm  whether  or  not  the  process  is  approaching  an  out-of -control 
condition. 

b.  If  the  out-of -control  rand  it  ton  !•  confirmed  by  the 
plot  of  additional  control  Htrlp(s),  qua!  Uy  assurance  will  determine 
corrtctiv;ie  action  to  be  taken. 

Shutdown 

Procedures  are  as  follows: 

1.    Splice  on  sufficient  leader  to  thread  the  entire  processor. 
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2.  When  the  leader  reaches  tht-  takcup  aecCloii,  and  thm  tail 
of  the  leader  is  about  to  enter  the  first  tank,  atop  the  iKehlne 
drive. 

3.  For  extended  shutdown,  turn  off  turbulation/reclrcuiatioo 
puspa,  tenperature  controla  and  aain  ptH^er.    For  teaporary  ahutdoim, 
keep  toBperature  controla  and  puaps  operating. 

• 

CAUTION:    FilM  splice  suples  will  deteriorate  in  the  fixer 
and  bleach  solutions  during  extended  ahutdoim. 

4.  S^uit  off  wash  water  and  air  cuapreastnr. 

5.  If  shutdown  Is  for  a  long  period,  drain  water  froa  wah 
tanks  and  rinse  tanks. 

6.  Shut  off  the  dryer  heat  and  allow  dryer  blower  to  run 
four  minutes  to  cool  the  dryer  and  the  heater  elements,  and  then 
shut  off. 

7.  Clean  all  areas  of  the  processor  thoroughly,  inside  and 
out.    Clean  the  processing  work  area. 

8.  For  weekly  shutdown,  drain  the  wash  and  stabilizer  tanks. 

Before  processing  after  a  lengthy  shutdown,  ct^ck  and  clean 
processor  thoroughly,  especially  film  rollers  and  all  other  polnta 
which  come  in  contact  with  film. 

CAUTION:    To  prevent  damage  to  the  puaps  and  solution 
heaters,  DO  NOT  0PE31ATE  unless  the  processor 
tanks  contain  solution. 

Preventive  Maintenance 

A  good  preventive  naintenance  program  will  not  clininata 
all  processing  problems,  Imt  it  will  keep  then  to  a  tsiniaUM. 
The  goal  of  preventive  maintenance  in  to  eliminate  problems 
before  film  is  processed  on  the  machine. 

DAILY  MAINTENANCE.    Each  of  the  following  types  of  maintmance 
is  to  be  performed  daily  as  a  oiniauni. 

^  I,    Each  rack  must  be  ch«;ked  both  hy  the  operator  and  at 

regularly  scheduled  intervals  (usually  monthly)  by  qualified 
malnt«tance  personnel.    Esch  roller  must  turn  either  by  turning 
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chumlfai  Imildup  must  he  tiatiuvtsd. 

2.  The  tqueegeea  muit  be  cleatu  d  and  changed  when  necessary. 

3.  The  sock  that  acts  as  a  backup  roller  In  the  dry  box  owst 
be  checked  and  changed  regularly. 

4.  The  final  phase  of  preventative  maintenance  Is  that  of 
corroilon  control.    Since  the  chemistry  that  Is  used  In  process 
ME-4  is  strong*  even  stainless  steeJ  Is  not  laaaune  to  corrosion. 
To  prtvent  the  steel  from  deteriorating,  the  entire  machine  oust 
be  cleaned  after  each  use.    The  chemlatry  that  has  splashed  out 

of  the  tanks  should  not  remain  on  thi-  machine  any  longer  than  ^ 
necessary.    This  is  especially  true  oi  the  bleach.    The  bleach  W 
will  corrode  stainless  steel  but  only  the  bleach  tank  Is  con- 
structed of  haste  Hoy  or  titanium,  not  the  surrounding  surfaces. 

5.  Besides  wiping  the  machine  with  water  and  mild  detergent, 

a  rust  Inhibitor  can  be  applied  to  prevent  future  splashed  chetalcals 
from  immediately  rontacting  the  steil  surface. 

WEEKLY  AND  MONTHLY  MAINTENANCE.    For  a  more  detailed  listing 
of  preventative  maintenance,  to  include  weekly  and  monthly  checks, 
sec  T.O.  lOES-a-n-l. 

PROCESSlNt)  MOTION  PICTURE  FILM 


Film  Makeup 

Upon  receipt  of  f  i  Lro  In  the  pro.  easing  section,  wark  orders 
and  film  can  labels  Hhauld  contain  all  information  regarding  material 
si*e.  type,  speed  rating,  ami  any  special  handling  instructions.  You 
should  check  the  work  orders  received  .igaLnst  the  film  containers. 
Inlonsation  contained  on  the  sjork  orders  and  film  can  labels  will  be 
compared  for  accuracy  and  consistency. 

The  film  containers  will  be  sorted  luto  groups  according  to 
process  required.    At  this  time,  you  will  begin  makeup.  Carefully 
sort  through  the  cans,  checking  e.ich  one  for  film  typei  speed  rating, 
processing  tlroej^or  any  special  protiss  instructions.    If  there  is 
any  doubt  aboutVny  of  the  lnformatJ>'n  listed,  resolve  the  problem 
before  any  further  makeup.    Depend Inj;  on  the  eimilsion  of  an  organ!- 
aatlon,  you  may  have  to  further  sort  out  the  material  to  be  processed 
according  to  security  classification. 

Generally*  separate  rooms  are  equipped  for  makeup  according  to 
the  film  slEss  handled  by  a  laborHtory.    This  is  a  da rkroaa  e<^ilpped 
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with  the  iH'.'fiiiMory  t«»i>l«  iiu<;(t  «•  a  ».«b|f,  rcwindc,  ■pllccr,  M,  All 
llkif  f  llffl  mac«$rial«  ore  pUccti  an  ow  rvi  \  in  this  roott  by  •pllclns 
separate  Lengths  together.    It  ahouM  bi*  noted  that  wlwn  waking  any 
type  of  splice,  the  edget  of  both  fl  Ln»  m»i»t  b«  in  «XignM«ie.  Othw- 
wiae  the  film  can  ride  up  and  over  rollers  or  Jui^  off  sprockcta,  re- 
sulting in  considerable  danage  ^  loss  of  product. 

When  splicing  the  film  together,  overlap  the  ends  of  the  films 
about  1  1/2  Inches  (3. Sen)  and  aecurc  thum  with  a  aplice  consisting 
of  five  staples.    Figure  3-5  Ulustrates  the  5-staple  splice,  known 
as  the  2-1-2  splice.    In  asking  the  splice,  place  t\m  trailing  end 
of  the  film  on  the  windup  spool  over  the  lading  end  of  the  fll» 
on  the  camera  spool.    As  the  filn  comes  off  of  the  spool  and  gcMss 
into  the  processor,  the  leading  edge  of  the  splice  will  then  be  on 
top,  allowing  It 'to  pass  over  the  outside  of  the  rollers  during 
processing.    This  lessens  the  chances  of  splice  daraage  or  breakage. 


Figure  3-5.    The  5-Stnple  (2-1-2)  Filw  Splice 

HOTE:    Staples  should  hold  lending  edge  of  splice  down  firaly 

so  that  It  cannot  curl  l»ck.    Use  itainleas  at«al  staples 

for  splicing  leader.    (Other  staples  nay  deteriorate  rapidly.) 
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tU'  ImntUi  iii   »«t.is<U't   i'»  iiH«'  n\  I  hf  t.pl     ttltj  u|H'r«t  lun  in  the 
pUtr-ty|H'  •titi'U'i  .    iUlt^  in  Mki-  .(  |jutr  of  iiU«th  with  the 

•  tupitflg  iHta  In  tht?  noHb  inn'tUm.     !•>  ntrtk*'  the  uplict^,  ponltlon  fetvt 
spilt  tt<i«t»  ijf  tiu»  niiipicr  iwcT  tiit'  i  iln  uUutP  tht  st/it^le  i»  to  lift 
placed.    Then  squeuasi'  the  Iwiulltm  ot   tlii:  stapler  Clrmly  together  «• 
far  as  they  will  go.    After  puttlnK  the  siaplc  in  place,  check  to 
aakf  Sure  that  U  Is  not  bent  or  broken.    Any  sharp  ends  can  catch 
against  a  roller  and  tear  the  film. 

During  the  makeup ,prorc-as,  it  1m  desirable  to  Identlly  each 
roll  of  film  plcued  on  a  single  ve^\  .     Smh  Identli  icat  ion  la  usually 
punched  at  one  end  oi   the  roll.    This  can  be  done  with  a  hand  punch 
or  with  a  special  film  perforator,  using  a  locally  devised  coding 
system. 

During  the  makt-up  proi  etis,  thu  ends  of  the  filta  that  are  to  be 
joined  win  bti  -squared  off  hefore  splicing.     The  splice  of  film  snipped 
oft  should  be  taHteiu-d  to  lUv  outside  of  the  empty  original  film  can 
with  tapt'.     Thlr,  soinpi.-  1h  lnnpe^^ted  .iftt-r  the  lights  are  turned  on 
tift^insurt'  Lliat  Hie  film  type  Is  as  Hiieclfled  on  thi-  film  can  label. 

To  .tv/old  hn-akb  .u*i  f.^llule^♦  .iuflng  prt-eaalng,   iht-  fibs  must 
b«-  inspeitud  loi   alck^.,  torn  perl  .r.ti  ion:;,  creases,  or  other  damage. 
This  Inspect  loo  »  an  hi-  made  by  runnjng  tlse  film  between  the  thumb 
and  fingers,  UKl»tly  holdii^*;  It  by  the  edses,  and  winding  it  slowly 
enough  to  detect  any  damage.     The  t irst   )  or  4  feet  (0.9  -  l.2ro)  are 
inspected  by  holding  i\w  extreme  end  of  die  film  in  the  right  hand 
and  running  the  left  hand  along  the  film  »jdges.    This  provides 
enough  Inspected  film  to  start  on  the  takeup  core  of  the  rewind.  * 

If  a  roll  "1   illm  Is  found  to  lonfaLit  damaged  footage,   it  is 
generally  returned  i.t  Its  oilglnal  .mitalner,   later  repaired,  and 
processed  separ.aely.     11  tk-  damogt    Is  slight,  the  damaged  area 
may  be  Ui*  ked   (not  on  the  emulsion  r  ide)  with  leader  to  prevent 
processing  truuble  ami  further  damage  to  the  rest  of  the  film. 
If  the  dam.ige  U  8fvt  tl-,  otlwr  methcd  s  mast  be  devised ,  depending 
oil  Che  kiJid  of  li.imdK.e. 

Ai  t«T  mak»Mi|>  I.-.  .ojnpIi-c<-,   t\u-  s  Urn  is  wrapped  in  black  paper 
placed  ill  a  film  can  and  the  can  ^^  then  si-aled  with  tape  before  tfie 
lights  are  turnt'd  on .     Tlie  Hamp^s  "1  film  taped  to  the  outside  ot 
the  Individual  ^  ann  .ire  chtt  k^sd  t«»  snsuri   that  they  are  of  the  Indi- 
i.aied  tsnuision      At  this  I  line,  lompleto  the  makeup  slip,  showing  all 
pertinent  Information  regaiding  the  film  contained  In  the  film  can. 
The  flljn  Is  now  ready  for  prucesnin,  ,     In  some  cases,  it  may  be  nec- 
fWfiary  tu  transji-r  li  to  j  mjgaslne  befotp  processing.    On  some  pro- 
ceeiSlAg  machines.   It  Is  possible  to  use  the  reel  as  a  machiiw  supply 
if  the  loading  eivd  ot  the  machine  i^-  in  a  darkroom  status. 
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Load  Sectlun  Cliange  Uvcr 

If  the  processor  is  prethreadcHt  with  leader,  It  la  necesiary 
to  splice  the  ravscock  to  the  leader.    Just  before  the  end  of  the 
rawstock  enters  the  processort  more  ioadrr  mitit  be  otcar.hed  to  the 
film  in  order  that  the  machine  may  n  I  ways  be  threaded. 

These  change  overs  are  made  in  tof;il  darknesa  and  moat  art' 
made  during  processor  operation.    The  initial  change  over  may 
be  made  before  the  main  drive  is  Nt.irtcd.    All  other  change  overs 
require  running  splice8«***aplicea  oiade  while  the  film  is  being 
proceaied*    During  a  running  aplire,  tli^'  load  accumulator  rack 
Supplies  film  to  the  processor.    Wticii  the  accumulator  becoers 
empty*  many  machines  will  automatically  stop. 

When  the  film  or  leader  flange  leedisig  Into  the  processor 
is  nearly  emptyt  an  alarm  will  sound.    When  the  low-film  alarm 
sounds,  stand  by  to  changes  to  the  n^xt  rt^ll  of  film  or  leader 
as  follows; 

1.  When  all  film  or  leader  has  been  drawn  from  the  flange 
(as  indicated  by  the  MICRO*-BRAK£  switch  .ictivation)  place  trailing 
end  of  the  machine  leader  onto  the  film  splicer  (darkroom  condition)* 

2.  Place  the  leading  end  of  the  film  mounted  on  flange  cmto 
the  trailing  end  of  the  film  already  in  the  processor  And  make  the 
splice. 

3*    After  the  splice  is  madr  and  chcutked  for  accuracy,  thread 
the  film  through  the  micro-switch  of   the  film  brake  and  release  the 
brake.    Allow  the  film  to  feed  into  the  machine  lo%fering  the  ac- 
cumulator rack. 

Takeup  Section  Change  Over 

When  the  takeup  1  lange  Is  full,  nvik<*  a  change  over  as  follows: 

CAUTION:    Always  itut  film  at  a  spjliC  for  takeup 
change  ove  r  to  avoiti  cut?  \  x\%  a  scene. 

1.  Have  an  empty  tukeup  flarv;*  rei)<!y« 

2.  When  the  take-up  flange  Is  ttearly  full,  cf^ck  the  fil«  inside 
the  dryer  for  the  location  of  the  ntoct  splice, 

3.  If  possible,  allow  the  spihe  8t)d  about  5  feet  (l*So)  of 

fll®  to  pass,  put  on  the  film  harrf  i^raki.  and  then  cut  the  film 
at  thNBf  splice. 
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5.  Attach  the  film  to  thf  empty  tl<iiige.  wrapping  It  around 
the  cor*f  ftiur  or  fivt-  tlaeH.    Rt;U»a^^'  the  film  hand  brake  and 
turn  on  the  fLiiigf  tnkeup  switch,    mti    If  the  takeup  section 
accuBulator  rack  la  allowed  to  aaccml  rapidly,  It  may  cause  a 
break  In  the  film. 

6.  RoBove  cte  roll  of  film  and  plac  t-  an  empty  core  on  the 
flange. 

Sysitims  Monitoring 

Ijt  cirUer  to  keep  the  color  pru<  esa  within  control  limits 
(neceaiary  to  obtain  repea table  results),  a  aeries  of  checks 
are  required  thrtwghout  the  proceaa.    The  repUnlatoent  system 
needs  very  close  monitor InR  to  maintain  solution  levels  and  solu- 
tion strength.    When  film  is  entering  a  Holution,  the  film  rate 
of  replenishment  Is  renuirtd  .    Wien  the  leader  is  entering  the 
solution,  a  1ow»t  rate  (leader  rate)  is  required  since  the  only 
compensation  neicsaary  is  that  due  to  solution  carryover. 

Recirculation  must  be  monitoreil  because  a  lack  of  recirculation 
will  cause  uneven  hardening,  uneven  development,  and  therefore  the 
process  will  begin  to  move  out  of  control.    An  excessive  amount  of 
recirculation  will  cause  oxidatlun  and  deterioration  of  the  developers, 
and  air  bubbles  in  the  prehardener  will  i  ause  uneven  hardening.  A 
third  item  that  requires  tli.  i  loSf  i-ye  of   the  operator  is  the  sensl- 
toiTiKtrli:  properties  ot  the  *ntitt'  «vstm.    This  is  performed  by 
running  a  Henslttimetr  1.   strip  after  L'ach  hour  of  film  processing. 

Proi-essur  Ma  1  fun*  t ions 

When  first  turnlim  on  t  lu'  lolor  prot  .-ssor  for  a  production  run, 
quiikly  monitor  all  ma*  hint-  f  utu  i  U)p.s.    lU-pendlng  upon  machine  speed, 
rhi-re  Is  1i  short  time  to  du  th^^,  bet  .re  itie  film  enters  the  first 
solution  tank.     The 'sate  lime  it*  whi  ie  tl.r  loading  (accumulator) 
tank  Is  being -fU  If d.     If  anything  i wr.Mig,  the  machine  can  be 
shutdown  without  causing  any  d«nage  Co  the  film  since  processing 
has  not  yet  started. 

Proiossing  machlnt-s  are  reUabU-  devices,  and  seldom  will 
there  be  an  opera tloa»l  f^Ulure  wltii  ihm.    Remember,  however, 
this  rfUahUltv  Is  <ifpendent  upt»n  regul/ir  maintenance.  Each 
machine  had  ItH  own  iiw  Intenanc  e  record.     WlUle  this  will  be  per- 
formed by  maintenance  personnel,  It  U  advisable  to  Inspect  the 
rec(»rds  before  placing  s  machine  Into  sei-vlce.    Do  not  process 
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An  uut standing  cnuse  of  wiclilnt'  rallurc  l»  olion  u  tuiwor  outage. 
Even  this  should  not  pose  an  Inmirrawtiitrti*!©  problen.    An  opcrAt lofisl 
unit  procc89ii«  luportant  fll»  will  wore  than  likely  have  a  atandby 
gasoline-powered  electrical  generator.    U*;  fanUlar  with  the  systcn 
used  In  the  event  of  such  an  aMrgem  y. 

Other  than  the  above,  the  swat  « omnon  emergencies  will  be 
caused  by  flln  Jaanlng  In  the  processor  or  by  a  break  in  the  film. 
Film  breaks  are  held  to  a  rolniaain  by  proper  makeup  inspection  and 
the  making  of  good  solid  splices.    Hnvwi-r,  breaks  can  still  orrur. 

Film  breaks  most  often  occur  dtn*  to  excessive  tension  building 
up  on  the  film  or  torn  perforations.    When  this  occurs,  stop  tlio 
film  drive.    Locate  the  broken  film  area  and  keep  the  film  loss 
to  a  ainlsuB.    Splice  the  film  ends  together  and  allow  the  film 
that  Is  already  In  the  machine  to  puss  all  the  way  through  to  the 
takeup  area.    Then  check  the  racks  to  del  ermine  the  cause  of  the 
failure. 

A  machine  will  normally  give  a  warning  that  a  break  is  about 
to  occur.    On  most  large  machines  wltli  stationary  bottom  racks,  as 
the  film  tightens  the  tops  of  the  rncks  begin  to  jump  out  of  the 
tanks.    The  only  solution  is  to  stop  pro*  uesiivi  and  correct  the 
problem. 

On  the  smaller  no  chines,  such  as  the  Colormaster  Mark  II, 
excessive  tension  may  cause  the  lower  racks  to  rise.    This  In 
turn  causes  the  elevator  rods  to  rise.    To  ellMlnate  this  condition 
temporarily,  loosen  the  clutch  on  the  following  rack.    If  excessive 
slack  builds  up  in  a  tank,  tlghtt-n  ihe  clutch  on  the  following  rack. 

Film  breaks  will  occur .    Only  ixperience  will  keep  film  loss 
to  «  mintmim.    Careful  pre  inspect  Ion  will  elialnate  most  torn 
perforations.    This  will  ellroinatu  most  breaks. 

Post  Inspec  tlon 

After  proces^ng  motion  picturt-  filtti.  the  film  must  be  In- 
spect^ for  expo^re,  processing  ami  physical  defectt*.  These 
include  (but  are  not  Halted  to);  st  r/itchi  s,  over  and  under  ex- 
posure, blurred  images,  stains,  ret  i.  ul  .it  Ion,  and  laproper  color 
balance. 

One  of  the  most  coaaron  methods  of  p*'Mt  inspection  is  to  visually 
Inspect  the  film  on  an  Inspection  table  with  a  diffused  ll«ht  source. 
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ThlH  aliowM  thf  oiviauu  to  .sfop  m  any  point  dnU  taki.-  a  cloaer 
lo«k  at^ny  d^Jtects.  Thia  methoU  .is  really  the  only  acceptable 
VAy  of  inspecting  tUm  prior  to  print  ing^»  * 

Because  tht-  t  Urn  proccshed  for  this  .  ourse  will  not  be  printed.  ' 
a  fa8ter.  siopler  method  of  post  Inspection  la  eaplftyed.  Siaply 
project  th^  film  onto  a  movie  screen.    Since  the  film  is  color 
reversal,  the  projected  Inage  should  closely  reaanble  the  original 
subject  m  density  and  color  balance.    Thi^re  should  be  no  stieaks 
on  the  image  (caused  by  scratches)  and  there  should  not  be  any 
apparent  color  stains.     Before  the  Jllm  cm  be  projected,  all  of 
the  small  rolls  of  film  must  be  spliced  into  larger  rolls. 

SPLICING,     before  any  flim  i  an  !>e  spliced,  there  are  certain 
preparations  whic  h  roust  be  made  In  order  lo  make  a  satlst ac  tory  . 
we  id.    From  your  previous  training  you  m..v  recall  tl»at  motion 
pU  cure  fliro  Is  madeup  of  several  layers  of  material,  and  these 
are: 

1.  A  flex  It. If  i  iim  b.ise  whiih  provides  a  durable  but 
lit  rung  support. 

2.  The  emulsion  layer,  won.slstlng  mainly  of  gelatin  in  which 
are  suspended  the  silver  h^iildes  or  dye  iHat  forms  the  photographic 
image,  a  layer  .ailed  the  binder  wJu.  h  i  .  mtrroscopic  in  thickness 
but  which  binds  the  fmulslon  and  basi-  t  IvJ^t  ly  together. 

T\xo  structure  o!   a  section  of  motion  picture  film  is  Illustrated 
In  Figure  J-6(A).    Fr.w  thiu.  \a-  should  begin  to  see  why  it  is  nec- 
essary for  our  preparation  to  include  tli-  ranoval  of  the  emulsion 
and  bindi-r  layers  in  order  lo  malu.'  a  satisfactory  weld.     It  is 
difficult.  It  not  impoHsibie.  to  cvsv.exM  the  base  side  of  one  tilm 
to  the  emulsion  side  ol  anoihc-r  film  (B).     Even  though  the  etnulsion 
and  binder  layi-rb  an-  .'Xfrejm  ly  thin,  tiny  must  still  be  removed  (C). 
in  order  tor  thf  remciu  to  dlssolvi   the  i  wo  overlapping  areas  and 
make  a  -str^Kig  wi- id  a^.  II  lust  ra  li-ii   li,   (D )  . 

When  splicing  m.iiiudl  .  U-anl.iK  with  i  clean  cloth  dampened 
With  alcolhJl  or   the  '\emen!   wipe"  i.ch.u  iue  may  be  necessary. 
This  technique  Is  very  eff.-.  tlve  in  romcvlng  the  thin  protective 
coating  applied  to  s.nne  film  baf-es  ,.nd   i.-ador  material.  Apply 
only  enough  film  cwu-nt  to  the  I  llm  base  to  cover  the  overlap 
area  normaily  covered  by  thi-  spMct  ,  and  wipe  off  the  cement 
immediately  wltli  a  soft.  cK-an  riot!,  or  vour  gloves.     Do  not 
use  abrasives  of  any  kl«l  on  the  base  ol  a  film  because  of  the 
danger  of  spreading  grit  throughout  the  roll  and  scratching  the 
film. 
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J       ,     .  Film  is  always  placed  lit  a  8i»Ut  inK  machine  wtth  the  dull 

or  emulslpiV' side  facing  up.    This  (»r  tcni.u  ion  will  allow  you  to 
scrape  off  the  eraulsioS  and  binding  InyiT^  readily  and  retich  the 
film  base.    If  the  scraper  of  the  spilcltiK  machine  is  properly 
aligned  and  its  depth  of  cut  is  correct,  then  only  one  pass  over 
the  film  is  needed.    After  both  ends  of  the  film  have  been  pre- 
pared, apply  film  cement  to  the  overlap  «irea  and  bring  both  ends 
in  contact.     If  the  splicer  you  use  has  tnt-ans  to  bring  pressure 
on  the  splice,  wipe  off  any  excess  cement  that  may  be  squeezed 
out  of  the  weld  and  wait  until  a  goi^l  wold  is  formed.    This  is 
Important  because  if  the  excess  cenvrnt  is  allowed  to  remain  and 
the  film  is  rewound,  the  cement  will  .idhiTe  to  the  base  of  the 


A.  Layer  H  ot    the  Film 

B.  tnaatisfactory  Splirc  or  Vteld 

C.  Film  Knds  ProinTly  l"1repared  for  Splicing 

D.  A  Frop'T  Spll.     or  Weld 

FiKurc   i~t>.     StravLure  -'t  Miu  Ion  Picture  Film 


film  ifluni-a  lately  abuvt-  tlu-  i.pUcc,  wisich  then  becotncH  distorted 
Of  "cockled."    Film:,    .lored  iiikSit  in- )r  hunldlty  conditions,  old 
fiime  that  have  u  pronounced  curl,  ^m-  th.-ne  that  have  been  wound 
ontu  reels  whlc     have  a  very  sroail  atamei'-r  hub  are  very  difficult 
to  »pUce  becaus,.  tlu-y  hav.    an  exr.snlve  .url.     Films  such  as  these 
may  be  held  und»T  pressure   in  tlv  splicer  for  thirty  seconds  or  more 
to  allow  the  spike  to  develop  more  «4tretH;th.    At  ter  inakijig  the  splice 
'it  18  advisable  to -rub  the  yplice  with  a  soft  cloth  wrapped 

around  your  finger  lor  added  assuran  e  oi  a  better  weld. 

Once  any  splice  is  made,  do  not  put  my  unnecessary  strain  on 
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the  filra  after  removing  it  from  t1i«  s^plfi  Ing  machine.    Oo  not  te«t  the 
splice  by  pulling  the  fiiro  or  snapping.    The  flla  cenent  should  be. 
allowed  to  dry  and  "set"  properly;  tliis  usually  takes  about  20  to  30 
seconds  in  the  machine.    After  this  interval,  the  film  can  be  removed 
from  the  splicer  and  vouiid  onto  its  reel  .it  normal  tension.  The 
strength  of  the  splice  Increases  over  a  period  of  hours  »o  that  If 
the  film  is  to  be  subjected  to  tenslonH,  such  as  those  Incurred  on 
film-cleaning  machines,  projectors,  or  printing  machines,  you  should 
make  the  necessary  splices  at  leaBt      to  ^  hours  before  its  use. 
After  the  splice  is  made,  you  should  examine  It  for  quality.  This 
takes  only  a  second,  since  a  visual  Inspection  is  all  that  le  needed. 
Examine  the  spliced  film  by  looking  throtiRh  Its  base  aide.    A  good 
splice  will  appear  transparent,  whereas  a  poor  splice  will  appear 
to  have  hazy  areas,  and  bubbles  can  be  soon  throughout  the  overlap 
area . 

CAUSES  OF  POOR  SPLICES.    As  ve  stated  earlier.  Splicing  ojiera- 
tions  are  not  complicated,  and  as  your  proficiency  In  the  uee  of .  a 
splicer  Increases,  most— If  not  all— of  the  splices  you  make  will 
be  satisfactory  welds.    On  the  other  hand,  you  should  know  why  some 
splices  fall  to  hold  so  that  you  can  avoid  the  cause  for  failure 
in  future  splicing  operations. 

Incomplete  Removal  of  the  Emulsion  or  Binder  Layers.    When  any 
emulsion  or  binder  remains  on  the  b.ine  In  the  overlap  area,  the  film 
cement  will  not  stick,  and  thus  a  gofxl  wold  cannot  be  made.    Ae  bad 
as  Incomplete  emulsion  and  binder  rt-moval  Is,  too  much  or  too  deep 
a  cut  Is*  also  the  cause  for  poor  welds.     The  splicer  that  we  will 
discuss  later  requires  only  a  single  pass  over  the  film  to  prepare 
tlie  overlap  area  for  cementing.     Therefon?,  excessive  scraping  of 
the  film  base  under  the  binder  layer  tendn  to  weaken  the  remaining 
base  layer  and  roay  cause  the  film  tf  breuk. 

Time  Delays.     There  must  not  bv  too  Kceat  a  delay  In  bringing 
the  two  prepared  *^ilm'««iges  In  cont.icl  with  each  other  after  the 
film  cenent  has  been  .ipplled.    Film  .  emt'iit  contains  a  solvent  which 
dissolves  the  film  base  layers  in  order  t.i  make  a  satisfactory  splice. 
However,  the  solvent  also  evaporates  rapidly  when  exposed  to  air,  so 
that  the  cement  bect^nes  thick  and  gummy.     In  this  conditicm,  you  will 
not  be  able  to  make  a#  satlsf ac tory  weld.    Use  only  enough  cttsent  to 
thinly  but  evenly  cover  the  two  prepared  film  edges  ami  iaBcdlately 
bring  the  edges  together,  preferably  undir  pressure. 

/teount  of  Cement.    You  must  apply  Just  enough  cement  to  do  th« 
Job;  too  much  may  cause  the  film  to  buckle  after  a  short  tiae.  If 
allowed  to  dry,  the  thickened  eqjlicf  may  cause  trouble  later  when 


SW  G3ABR23330  OOi-VI-3 
3; 


the  film  passes  through  a  projector  film  gate.    It  is  important  that 
you  wipe  off  excess  film  ceirent  immediately.    Too  little  an  applica- 
tion of  film  cement  xaay  not  cover  all  areas  of  the  prepared  film 
edges >  so  that  the  welding  action  occurs  only  in  those  spots  where 
enough  cement  was  placed^ 

This  splice  is  detected  by  the  bubbles  when  examined  through  the 
back  side  of  the  film*    A  splice  such  as  this  will  not  last  long  andp 
if  not  redone*  its  edges  will  remain  loose  so  th*St  when  tension  is  ' 
applied •  it  will  readily  tear.    When  you  have  a  splice  that  failed 
even  though  you  apparently  used  the  proper  amount  of  cement,  then 
look  for  the  cause  as  either  improper  preparation  of  the  film  base 
or    using  a  cemient  not  suited  to  the  film  base* 

FILM  CEMENT  HANDLING  PRECAUTIONS.    Film  ceTOnt  contains  a 
solvent  which  is  highly  volatile  and  can  bum  with  almost  an 
explosive  force.    Although  the  I6mm  and  35mm  films  are  imde  with 
a  safety  base  which  has  a  low  bum  rate  and  presents  no  fire  hazard, 
the  solvent  in  film  cement  is  a  fire  hazard  so  that  the  proper  safety 
precautions  must  be  observed.    This  is  why  you  should  never  smoke 
while  performing  splicing  operations.    You  should  also  avoid  getting 
film  cement  on  other  motion  picture  equipis^nt,  since  the  solvent  will 
ruin  the  protective  enan^l  on  such  items.    Fut^s  from  film  cement 
should  be  vented  away  from  your  eyes  to  avoid  irritation. 

DESIGN  198  SPLICER.    There  are  various  kinds  of  splicers  in 
use.    Some  are  manually  operated »  requiring  the  use  of  both  hands. 
Others  are  motorized  to  move  along  lengths  of  film  quickly  between 
splices  and  are  controlled  by  foot  pedals.    These  are  found  in 
very  large  Organizations.    A  manual  splicer  most  often  used  in 
the  average  processing  laboratory  is  a  comc^rcial  product  and  is 
illustrated  in  figure  3-7.    Known  as  the  Design  198  splicer p  it 
is  designed  specifically  for  professional  and  semiprof essional 
work  on  16mm  and  35mm  films.    This  splicer  is  compact  and  easily 
portable »  and  it  is  capable  of  handling  heavy-duty  work  with 
comparable  ease. 

The  198  splicer  operates  on  liO/12(Kvolt  alternating  current* 
To  one  side  of  figure  3^-7  ^  a  power  cord  is  permanently  attached 
to  the  unit.    All  electrical  components  are  hidden  within  its 
base.    The  unit  is  designed  to  allow  instant  change  from  splicing 
I6mm  films  to  splicing  35iia&  films.    This  conversion  is  made  possible 
by  the  retracting  16mm  perforation  pins  when  the  splicer  is  set  for 
35mm  operation,  as  shown  in  Figure  3-7. 

A  permanent  scraping  device,  controlled  by  a  slider  bar  handle, 
is  made  of  carbide  steel.    The  depth  of  its  scraping  action  is 
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Figure  3-7.    Design  !  9H  SpHcing  Machine 


gauged  and  set  ui  cht>  factory.    An  .nljuslment.  that  roay  be  required  an 
a  result  of  clipped  or  broken  sera ppt   blndes  should  b^  made  by  a  quall-^ 
fied  repair  technician.    The  reason  i  or  this  U  tlwt  the  depth  of  tut 
Bust  be  measured  with  a  gmige.    Al«»,  t\w  parallellwi  of  scraper  move- 
oent  must'  be  detfrwita?d  with  the  .ild  of  <•  n»l<-roo»eter . 

The  thermostatic  electrical  heat  ing  i  lewent  oaaintaln*  tlie  proprt 
-  teiaperature  for  welding  Che  spU<:i'  In  a  mlnlmuni  amount  of  time.  Un- 
like the  sjcraper  adjustment,  fle!d  .i<nnHf ntents  of  the  heater  tltrrmoRt-it 
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can  uanUy  b«  waUv  by  i lu\  i>t»»  ^"   ^''»*  - 

OflSlATiK;  mi}«:il»l.BS.    «lt»i  th**  m»»ljitt  ISS  spUcer*  tt»«  prepared 
ends  of  film  are  Joined  together  under  pressure  am!  heatud.    The  proper 
amount  of  regulated  heaths  applied  to  dry  the  apUce  wore  rapidly.- 

Xn  order  to  make  the  splice  lass  appirent  on  the  piujectlon 
screen,  the  overlap  area  between  acfues  his  been  reloiatt-d  on  the 
Design  198  splicer.    The  relocation  of  the  overlap  area  eliminates 
the  annoying  "coroblnation"  frame  tliai  appears  on  the  film  as  a  re- 
sult of  a  spliCif  placed  midway  between  fr.imes.    Width  of  the  splice 
made  by  the  Design  198  machine  Is  0.07  Inch.    This  width  allows 
a  full  frame  of  Scene  A  to  be  shown  before  blending  Into  Scene  B. 
(Note  In  figure  1-8.)    The  h lightly  tmrc-tsed  density  of  tlie  weld 
maketi  the  splice  more  difficult  .to  detect  when  It  Is  projected  on 
a  screen.  * 
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Figure  3-8.     Cumbln.it  ion  Fruwe  Splice 


PREFARATiON  FOK  USE.     lu  prepaif  tb    splicer  f'>r  u«e,  wipe  the 
upper  and  lower  bladen  with  a  cloth  .lampmed  In  acetone  and  then 
wipe  than  dry  with  a  i  lean  ^  loth.     N^xt  <  heck  the  aligning  action 
of  Che  scraper  unit  .md,   i f " necessai  y,  ItiUrlcate.    A  small  amount 
of  oil  on  the  IMm  slide  ^Vm  will  ki?ep  i  iie  film  cement  from  ad- 
hering to  them.     If  these  pins  do  not  op<rate  freely,  loosen  them 
with  a  few  drops  of  acetoms  before  oiling. 
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ttstm^t  fete  flpUecr  power  cor«I  i«  a  tlO-  So  X20-voU  aUerwitiog 
current  power  aeurce.    Tiic  t««|ier«tttri-*»tU  rise      it  w to point 
within  15  or  20  aiinutes  and  to  corr..  t  m^^imm  ^e-Peratur-.  within 
approximately  30  «inute8.    U  the  unit  apirears  to  got  too  hoi,  ihento 
Stat  adjustawnt  may  be  .necessary. 

OPSUTINB  PRWEDURES.    Opcratl«n  pr^H-edurei  for  I6«im  is  uHghlly 
different  froo  35«  fU-    The  16i«  perforation  P^"-  ^  "  Jrlr 

when  splicing  Ihxa^  film  and  retracto.i  wln-n  splicing  35ap  lUm-  Alter 
the  perforation  plna  are  correctly  i-oslt  ..med.  proceed  aw  tollfmB: 

1.  Raise  bot..  upper  blades  lo  thcli  top  position  as  shown  in 
Figure  3-7.    The  right  lower  blade  wist  hv  left  In  Its  down  posl- 

t  Ion . 

2.  Place  one  end  of  the  broken  t  f  In  (emulsion  «ld«'  up)  across 
the  right  lower  blade. 

3.  Register  the  film  perforntlonH  over  the  locatiuR  pfns  lu 
the  left  lowr  blade. 

4.  Lower  the  right  upper  blad.'  aiid  lock  it  In  plac  ^  ^th  the 
vertical  lever. 

5.  Raise  both  blades  (with  tia  Jllm  locked  between  them)  to 
the  top  position. 

6-    Place  the  other  end  of  th-  hrokin  film  (emulsion  side  up) 
across  the  left  lower  blade. 

7.  BeRlster  the  film  perfomtfoiis  »)ver  the  locatlns  pins. 

8.  Lower  the  left  upper  blade  .iiid  lock  it  in  position. 

9.  Draw  out  the  scraper  unit. 

10.  Press  down  to  engage  the  s»  r^pe.  blade  with  the  film  and 
push  the  scraper  unit  back.     (Sec  Figure  J-9.)    The  scraper  un  t 
is  under  spring  tension  and  must  he  Im^d  firmly  against  the  film 
i«  the  entire  bitckstroke  In  order  t-  remove  the  emulsion  properly. 
Using  both  hands  during  the  scraping  operation  lis  helptul,  though 
not -absolutely  necessary.    Correct  pressure  for  the  scrape  ran  be 
determined  only  through  Individual  use.    I7o  not  attenpt  Jo  scrape 
the  film  while  dragging  the  scraper  unit  outward.    Torn  film  wU  I 
result. 

11.  Apply  film  cement  sparingly  to  the  scraped  area  with  the 
applicator  brush. 
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12.  bring  iJuwi^  lUu  two  l  iKlu  Ma«li*f  atnl  lu»  k  l»if»M  h»  |>I«ct'. 
Ill  iuwertng,  tht-ms  bUUes  wtli  tut  li.ah  t(i48  of  ih*-  filw  ami  seal 
thatt  iR-pl-ace  with  prfiftitdrti. 

13.  Rele.iHi'  all  locks. 

14.  Raise  the  tip  blades  and  nmovi'  the  apllced  fllw  from  the 
splicer. 


Figure    H9.     Pruparin^  FlLn.  End  by  Scraping 

Afti^r  split  Ing  operatioi^s  ore  mitipltMed  for  the  day,  diacon- 
net  I  the  i  ord  from  the  power  source   md  ci  1  low  the  splicer  to  cool 
completely.     Then,  wipe  the  upper  aui  lowtr  blades  as  well  as  the 
ai^raper  blade,  \(^  ensure  i  leanllneHs.     Ust  a  cloth  that  iias  been 
dampened  with  at-econe  lo  remove  all  tratics  of  acaulslon* 

REVIEW  QUESTIONS 

NOT  WRITE  IN  THIS  SW_-         Kk^-yj^^^BJ:^  SHFKT  OF  PAPMR. 

I.     What  method  of  tilrn  iransport   if   ust?d  by  motion  picture 
proceHHing  niat-hlnes? 

2t     Najroe  ai\d  expialn  three  mecltoUs  ni    noiutlon  riHllaflon. 

3.    Why  Is  the  motion  pifture  procehslng  machide  prethreaded? 
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5.  What  difference.  If  any.  h,  the...'  between  rolor  and  bUck- 
and*^hlte  proceseors? 

6.  Why  are  metal  parts  In  thi'  bleach  tank  maUe  of  naterlal 
other  than  stalnleis  ateel? 

7.  During  certification,  what  prcutsH  controls  <irr  r.'qulr.-.l? 

8.  Why  Is  a  length  of  rawatc  k  and  i  sensltometr i.  coi.Lml 
film  being  run? 

9.  Vfhy  does  pH  have  to  be  chiTke»i  d^lly? 

10.  What  precaution  Is  taken  w»U\  solution  carry  ovor 
which  might  cause  excesslv  rl.etnlcal  dilution  vt  •  on- 
tamlnation  in  a  proceasinK  mat  hlne? 

U.    How  can  effective  film  spe«!  bi-  increased  In  piocfMS 

12.  Why  Is  a  replenishment  sysiuw  ncrdod?  ^ 

13.  None  the  chemical  solutions  thai  are  provided  with  re- 
circulation  pumps  on  the  C.)lormnstcr  Mark  XI. 

14.  Explain  film  loading  proccMun-H. 

15.  Explaiiv^he  Colorroaster •»  I  llm  transport  system. 

16.  How  long  should  the  dryer  1-  allowed  to  cool  before 
the  blower  Is  turned  off?  ^ 

17.  Describe  the  film  dryer  u^hI  In  the  Colormaster  Mark  tl. 

18.  What  Is  the  huglnnlng  sf!p   -f  f  >  in  makeup? 

19.  How  and  when  are  washed  tanks  cH  .lined? 

20.  How  can  film  loss  be  kept  ..t  a  ...Inimuro  during  a  power 
outage? 

21.  How  does  an  operator  know  wHen  i  ilm  teni^lon  ton  hlnh  on 
Che  Colormaster  Mark  II?  \ 

22.  What  is  corrosion  control? 

23.  Name  ani  explain  two  metho.!-*  of  post  inspection. 
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2k.     Hi>w  ofliMi  .n«  .  .f».  i   .  <  I     ,1...  ^«aV  V  

25.  N^*"  thrvf  .  .iuhv^  «'i  i'"^'  t  l  ti.«.    •»  • 

26.  Wlwt  thret?  HilngH  .at?  iiHitiirt-.l  tiv  wpHri- 

l-XER<:iM  I 

PROCmUKES 

with  the  siaterotHr  th.a  hvta  .h-;.  .  J t..     tlu  ir  luu-  i. 

a.  machim-  hp*mM  -  -     '-^l"^''  ' 

b.  l  lUraiion  - 

I, .     ifi  I  »'.)•'  '  «' 


Tina 


(1 )  .    Hi  liu.  '  I"" 

(2)  .     The  1  .ilfN  .ite  Ji- 1     m  Im  .1   t'V  I  f»  it  • 

be  ing  pf"'  '-^^B*"'!  - 

(3)  .     DettM-mlnfa  Ly  ti...  ..t   wl.l,  h  the    •         ^ i^'^ 

senstttiSf.J  uiaicrl,.!  a.ui  (  i.f  i.-..git.  ot  Mi  ..  .    .«  .  i..c^a  in 
Che  dfVfl.ii'^ f»K  i'"'^- 
(V).     Prev..nts  .Mrl  p.n  «  h  I-  ■        .Iuh.1..1  r,  w  ^n..  depositing 


(5)  .     Thf  last  •  U'P  .1.  .  ..mi-i  i  .1..  1   In  i-i ...  t-NNj.., 

(6)  .    un«f  .'I   thi-  iuobi  ..lUi.-ii  .li-UHuiH  in  i  iu 

(;).    Provldffi  .»Klt.it  M  1.  ,11.1  i;m..ii"ii. 

(8).     Musi   upwi..t»'   i-i.M,.-.i-,    i!    M.  .M  .:ur.tt.-  ^    rJ-    '    •'      ■<  ^--i^e 
iH  L o  bi*      int.*  S u<**i 


2,     Ant*wtM    lite  t»»ili»wlu^ 


differ   fro.,.  Che  ae.l^.  .n.nhlne'   ,r.-vi>..  .r>  .  ,,1  i..  the  ccmrse 


Lolo 


What  d€tertitte«  l^t#  tttWfeiM    iititi  afrnngwiHit  r«itltt* 
in  proccaslng  otchlnes? 

c.  What  are  the  (Mjor  differeiues  betwen  blrtck-nnd-vhlte 
processors  and  color  procuHHors? 

d.  Why  are  the  bleach  tanks  .iiul  rat  ka  i  cmsttiM-UMl  ol  HriNtelloy? 
e*    What  can  be  done  to  Increasi'  i  tn  effect ivi-  emuhii^Hi  •♦pi  iMl? 

f  •    How  do  you  coinpensate  foi  *n»croxpo»nre7 


PRACTICAL  EXERCISES 


PROCEDURES 


EXERCISK  II 


Using  a  separate  sheet  of  paiu-r,  morrh  the  Colurmi4!^t*T  rom 
ponents  in  column  "A"  with  the  ruiu  i  iims  performed  In  rolumii  **H 


a«  Micro^witch  brake 

b.  Load  accumulator 

c.  Auxiliary  switch 

d.  Red-capped  valves 
e  .  Flow  rate  meters 

Black-topped  rodn 


B 

1 .  Dr.i  Ins  the  tankn 

2,  Unrnfi  that  a  chanK<*  wer  Ih  needed 
i,  VJiitns  that  a  film  break  m.iy  occur 

4,  l*r«'vldes  tior  for  change  over 

5.  Jkifds  f  tlxn  in  plac*'  during  c  hange 

f > .  FHiablffthes  rerlnulatlnn  rntrH 

7-  OprfAtes  air  cnmprcssor 

8.  Fst.iblishes  replenishment  rate^^ 


squifNEirr 


EXERClSi:  111 


Colormaster  processor 
Processing  support  equipment 


ItoslS  of  ISSMCt 

I  /c  lastr 

As  needed  * 
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1.  Perform  Colurmastur  preoi>er  it  ional  procedures  as  outlined  In 
the  text. 

2.  Startup  tho  Colorrau.4Ltii  .ii..»ratu«  tu  pro.  .ihi;  t^;  Is-  the  text. 
The  Instructor  will  pruvidv  you  with  neci-Msnt  v  laturmatlon 

.   pertaining  to  solution  tfinperatures,  spotnj,  and  the  height 
of  elevator  rtnis. 

3.  If  the  processor  mcds  ihemUtry,  tnlK  chemistry  and  fill  the 
appropriate  tanks.  ' 


EQUIPMENT  A^^D  SUPPLll.S 


Colonaaster  provi'ssor 
Processljig  support  equiiwient 
Tachometer 

Preexpostsd  ME-4  lontrol  strips 

pH  meter 

Densitometer 


lVic<i.>>  '^t  Issue- 

i  lass 
As  needed 
i  /c  lass 
As  needtd 
1 /c lasK 
I/c lasK 


PROCEDURES 


1.  Cerclty  thv  .  heroi.  aj  solui  ions,     Your  lni,tructor  will  provide 
the  standards. 

2.  Remov  sufficient  preuxpob.d  smsltomet r ic  strips  from  the 
i  ret? zi-i   to  i  tTtlfv  rhe  pro.  oss?c>r  . 

3.  Mechantcally  ceriUy  t  iie  pi  occt  .-or  In  ace  ordant  e  with  pro- 
ceduri'N  outlined  in  thi'  ti<c. 

4.  Frocfib  scratch  test  f  1  Iffi  md  h<.  nsltowetr  1*  strips. 

5.  If  Eht-  scratch  test  tiim  .  muins  physical  deffcts»  locate 
and  correct  the  cause  (wlMi  your  instructor's  guidance)  and 
repeat  the  Hrrat(  b  tt»Ht  . 

6.  Readtnii  tlie  sensUometric  ;*trlp  using,  a  suitably  dfeiisltometer 
and  plot  thf  densities  unto  a  i  ontrol  chart.     If  plotted 
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InttruiCor  will  Uftt'raitt«>  ».tn.ntlv»'  ail  Ion  !»•  Hp  mk*fi»' 
Make  necessary  currt'ctloiirf  .iiu<  pi  hcfua  snotliet  neniiUt'- 
Btecrlc  strip. 

7.    Utwn  the  processor  is  con»ldered  certified,  you  may  ptmvnn 
tht  film  you  exposed- in  thin  bl<»rk. 


=ERIC. 


EXERCISE  V 

EQUimENT  AND  SUPPLIES 


Basts  Ot  tHBlM! 


Colorncster  professor  '  l/cl«f'^' 

Processing  support  equipment  Ah  needed 


prcx:e3)URES 


1,  Using  previously  ex 
roll  of  film  in  sue 
dition) . 


jreNe 


2.  Place  the  loaded  core  onto  ih^  flange  on  the  load  section. 
(Darkroom  condition). 

3.  Process  the  film  and  monli  T  tho  processor  in  accordsnrt' 
with  procedures  outlined  In  thv  tejit . 

It.    While  this  film  is  being  pmcrssed,  load  another  core  with 
the  ren^ining  exposed  film. 

5.  At  the  proper  iLmv,  perform  a  t  hans^  over'and  prtxeRP  the 
second  roil  of  film. 

6.  At  the  proper  timt%  attach  .J  rcU  of  leader  t..  ihc  f  Mm  and 
re thro ad  the  processor . 

Exa<t;i:.r  vi 

EqUIPMENT  AKD  SUPPLIES  : 

Basis  of  Issue 
Cqloroaster  processor  I/cUhs 
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A.I     kU  k  iU^il 


PROCEDURES 


1,  Sluitdown  the  processor  In  accordance  with  the  pr*%:<»tiure8 
outlined  in  the  text. 

2,  When  finished,  clean  t  in*  processor,  the  laboiativ,  and 
return  everything  fo  its  proper  place. 

3,  For  ©ore  detailed  i  loaning  and  preventive  lualnlunance 
procedures,  cuntiult  T.i).  10^5-2-17-1. 


1  SK  VI 


E(^imENT  AND  SUPPLlhS 


Design  19B  split  k  x 

Film  cement 

Head  and  tail  leader 

Cotton  gloves 

16nim  movie  projector 


1  /:3tudtnt 
As  needed 
Ab  needed 
1  pr /studaat 
1  /c lass 


PROCEDURES 


1.  Each  nrudent  will       I  1*  c  his  iw-  rolls  oi  prort-ssed 
16©m  f  i  Ira  togethi-r  . 

2.  Splicr  head  and  tail    Iradti    to  tills  roll  oi  tllm. 

3.  Spiict*  ail  of   the  ^latis  iiim  lii  u>  two  lar^e  rolls, 
4  -     Projei  t    the  1 1  Im  . 

5,     List  Hi  i   the  physlwii  .tad  processing  detectv,  presexit 
in  tht'  film. 
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